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ABSTRACT 
of the thesis submitted to the Aligarh Muslim University, Aligarh, India for the 
degree of Doctor of Philosophy in Botany, 2009. 
To appraise the suitability of city wastewater for the purpose of irrigation and 
as a source of nutrients, four pot experiments were conducted on Triticum aestivum L. 
during the rabi (winter) seasons of 2006-2009 at the net house of the Department of 
Botany, Aligarh Muslim University, Aligarh, India. All the experiments were carried 
out according to factorial randomized block design. The results are briefly described 
V I V VV . 
Experiment I (Wastewater and Nitrogenous Fertilizer) was conducted in 2006-
2007 to assess the effect of three water treatments (GW, 50% WW and 100% WW) 
together with four nitrogen levels (No, N40, Ngo and Nno)- The aim of the study was 
to obtain the optimum dose of nitrogen with wastewater determined on the basis of 
growth and physiological parameters studied at tillering, heading and milky grain 
stages while yield characteristics and grain quality were observed at harvest. Growth 
characteristics included leaf number, tiller number, leaf area, plant fresh and dry mass. 
The physiological characteristics were carbonic anhydrase and nitrate reductase 
activity, NPK content in the leaves, chlorophyll content, net photosynthetic rate, 
stomatal conductance and water use efficiency. Finally at harvest yield characteristics 
examined were ear number planf', ear weight planf', length ear"', spikelet number 
ear"', grain number ear"', 1000 grain weight, grain yield planf', straw and biological 
yield plant"'. Grains were analyzed for carboliydrate and protein contents. 
Under wastewater irrigation (100%WW) increase in growth and physiological 
parameters as well as yield characteristics was observed over GW. Among the 
fertilizer doses, N120 proved best when applied with GW, however, with 100%WW it 
was at luxury consumption. Whereas the combination of lower fertilizer dose of 
nitrogen together with wastewater (100%WWxN8o) proved optimum for most of the 
parameters studied including the yield and grain quality, thereby showing some 
economy of nitrogenous fertilizer. 
Experiment II (Wastewater and Phosphatic Fertilizer) was conducted 
simultaneously with Experiment I to study the effect of wastewater treatments (as 
above) in presence of four levels of phosphatic fertilizer i.e. FQ, P20, P40 and Peo on the 
performance of the same crop. In this experiment also 100%WW proved better than 
GW and 50%WW for most of the parameters studied. Among the phosphorus doses, 
P60 vvas the best and was at luxury consumption when applied with 100%WW. While 
the combination, 100%WWxP4o was the optimum as it resulted in improved growth 
and physiological parameters which finally led to increase in grain yield, protein and 
carbohydrate contents. 
Experiment III (Wastewater and Potassic Fertilizer) was conducted in 2007-
2008 on the same crop under the same water treatments but in the presence of four 
levels of potassium i.e. Ko, K15, K30 and K45. Flere also 100%WW proved efficacious 
in improving the growth and yield of the crop. The potassium dose K45 performed 
well without wastewater, however, it proved luxurious when applied with 100%WW. 
On the other hand, the combination of 100%WW and K30 was the optimum resulting 
in better growth, yield and grain quality of the crop. 
Experiment IV (Wastevv'ater and NPK Fertilizers) was conducted in the year 
2008-2009 to evaluate the performance of the same crop under two water treatments 
(GW and 100%WW) along with different combinations of optimum doses of NPK 
fertilizers obtained from the Experiment I-III. Wastewater again proved effective in 
enhancing the plant growth and physiological characteristics which ultimately led to 
improved yield and grain quality. Among the fertilizer combinations, N120P60K30 
without wastewater proved more effective in increasing nearly all the parameters 
studied and also proved good for the quality of grains in terms of carbohydrate and 
protein content. However, when interactions with wastewater were analyzed, the 
combination 100%WWxN8oP4oK3o proved to be the optimum and significantly 
increased the yield and grain quality. 
Overall, it was concluded from the experimental results that application of 
wastewater seems to pose no harm to the crop and instead could supplement, if not 
fully at least partly, the nutrient requirement of the crop leading to the reduction in 
fertilizer use and saving of the fresh water. 
However, the presence of some pathogenic bacteria like coliforms, salmonella 
and shigella in wastewater may be a cause of concern for the growers. Among the 
four heavy metals Cd, Ni, Cr and Pb analyzed in wastewater, except Ni, the rest of the 
three were within the permissible limits. 
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CHAPTER I. INTRODUCTION 
Water is undoubtedly the most precious and essential natural resource and 
without this invaluable compound, life on earth would be non-existent. Of the total 
water found on earth, 97.6% is in the oceans and is unfit for agriculture, human and 
animal consumption or even industrial use and about 1.9% of the fresh water is in the 
glaciers and ice bergs which is also not easily accessible and only about 0.5% of the 
available fresh water is in the ground, rivers, lakes, and ponds (Cunningham and 
Saigo, 1995). Although we as humans recognize this fact, but we are busy consuming 
and contaminating whatever is left of it, as if it is a non-depletable resource. Today 
this "blue gold" is under threat as the world's supply of freshwater is slowly running 
dry. It may be pertinent to point out here that more than 40% of the world's 
population is already reeling under the problem of water scarcity and according to 
United Nations, water is one of the most serious crises the world is facing today 
(Zaidi, 2007). 
As the world population increases, the competition for freshwater resources 
between domestic demands, industry, com-m.erce, institutions and agriculture is 
intensifying. According to some estimates water demand has tripled since 1950s 
(Brown, 2003) and by 2015, the world will have many millions more people than it 
has now and about 88% of this growth will be in cities, mainly in developing 
countries (UNDP, 1998). This population growth will have a dual effect: 1) a 
substantial increase in the volume of urban wastewater production, since greater 
volumes of surface and groundwater will be diverted to supply these burgeoning 
cities: and 2) an increase in urban demand for food. 
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Irrigated agriculture is the dominant user of water, accounting for about 80% 
of global and 86% of developing countries water consumption (Rosegrant et al., 2002) 
however, with increasing competition between agriculture, industry and domestic 
demand, agriculture is beginning to receive less water (Brown, 2003). Therefore, the 
problem of water shortage and its improper use poses more challenges to self 
sufficiency in food production. Of the current list of approximately 30 countries that 
have per capita runoff of less than 1,700 m per year, almost all are net importers of 
more than 20% of their grain requirement. The net import of these water deficient 
countries already exceeds 25% of the global grain trade (Postel, 1999). If countries 
like India and China with their population also join the water deficit group in couple 
of decades, the strain on the exporting countries may certainly become unsustainable. 
Due to fast urbanization, industrialization and agricultural activities demand 
for water is increasing day by day, therefore, water resources are shrinking rapidly, 
while the continous discharge of the wastewater in waterbodies is polluting them 
badly. The urban India has become a massive and perhaps a frightening reality as far 
as wastewater m.anagement is concerned. The comparative studies of Central 
Pollution Control Board of India (CPCB) on wastewater generation, collection and 
treatment indicates that the quantity has increased from 7,007 million litres day"' 
(ML/d) in 1978-79 to 16,622 ML/d in 1994-95 in class I cities. However, the 
treatment capacity has increased only from 2755.94 ML/d in 1978-79 to 4037.20 
ML/d in 1994-95. Similarly the figure for the domestic sewage generated was about 
26,254 ML/d from urban centre's including 921 class I cities and class II towns in 
India, while the municipal wastewater treatment capacity developed so far could 
handle only about 7,044 ML/d accounting for 27% of the wastewater generation 
(Bhardwaj, 2005). This situation warrants immediate redressal, therefore, there is 
need to bring the perceivable shift in our approach towards wastewater use; and with 
the current emphasis on environmental health and water pollution issues, there is an 
increasing awareness for its safe disposal. 
Since agriculture involves the consumptive use of water, therefore, the use of 
additional water resources of marginal quality like, the wastewater can increase the 
volume of water available for irrigation. !t has a high potential for reuse in agricultme 
as a source of irrigation, especially in arid and semiarid areas. In many countries 
including parts of India it is already being used to irrigate the agricultural lands 
although its use has several advantages as well as some disadvantages too. It contains 
many essential nutrients which may increase the yield of the crop and at the same 
time may substitute or even lower the fertilizer requirement of the crop and may also 
contribute to environmental security by reducing the pollution level of surface waters 
as well as of ground water. Simultaneously it can serve as the source of irrigation 
water as well which was the main objective of the present study also. 
Besides irrigation, the productivity of crop depends upon several other factors 
including adequate levels of essential nutrients as the plant will not grow nonnal in 
their absence. It may be pointed out that for plants seventeen elements are identified 
as essential (Salisbury and Ross, 1992). Of them, nitrogen has major impact on crop 
growth and development (Kennedy et al., 2002) as its supply has a significant effect 
on leaf expansion and branching (Taylor et al., 1993) therefore, the productivity of 
higher plants depends mainly on it (Costa and Giaquinto, 2002). Phosphorus is 
relatively immobile and inaccessible nutrient (Marschner, 2002) which is available 
only within natrow range of soil pH (Bear, 1968) and its supply regulates the 
reproductive growth. While potassium plays a key role in turgor regulated 
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movements and is also involved in various physiological and biological processes 
(Mengel and Kirkby, 1996), 
The green revolution was no doubt responsible for the higher productivity but 
at the cost of excessive use of NPK in the form of inorganic fertilizers which gave rise 
to some negative ecological consequences like water pollution and nutrient 
imbalance. Therefore, it needs to be emphasized that the amount of external inputs 
needed should be guided by efficiency of their use, as the use of fertilizers beyond 
limits, in addition to being uneconomical, is potentially harmful to the environment as 
these get leached through the soil beyond the root zone eventually reaching the 
ground water or may escape because of the surface runoff into nearby water bodies 
and cause eutrophication. 
However, it is not easy to provide plants with exactly sufficient amount of 
nutrients until they are properly worked out. Moreover, the task becomes much more 
difficult due to various interactions between them. On the one hand, nutrients have 
their individual specific functions and on the other there are also some common 
fur ;i!ons as wen as tneir interactions, ii tnese interactions are synergistic, ineir 
combined impact on growth and development is greater while in antagonistic 
interactions, the combined impact is lower than the sum of their individual effects and 
these are caused mainly either by imbalanced nutrient supply or suboptimal nutrient 
ratio's. Therefore, from practical point of view, many antagonistic interactions can be 
avoided by optimum nutrient supply. The soundness of a nutrient management 
program can therefore, be judged from the extent to which it is able to provide the 
maximum benefits. 
Equally important besides irrigation and fertilizer use is the selection of crop 
to be grown under such conditions. To feed the increasing population, cultivation of 
food crops especialiy ihe cereals is necessary and among them wheat {Triticum 
aesthnim I,.} is the most important food grain in the world, as it is a rich source of 
carbohydrate, protein and minerals. It ranks first in the world cereal production and is 
a staple food of millions of people. Approximately two-thirds of the wheat produced 
in the world is used for human food and about one-sixth is used for livestock feed. In 
India, it is grown on an area of 26.6 million hectares with the production of 87.0 
million tons annually. Though it is grown on largest acreage in India, the present 
level of average productivity of wheat is much lower than the other countries and its 
cultivation has not increased in proportion to the population (Singh et al., 2006). 
Thus keeping in mind the above mentioned facts, it was decided to study the 
feasibility of using the wastewater as a source of irrigation and nutrients together with 
various doses of NPK fertilizers for the cultivation of wheat so as to observe fertilizer 
economy, if possible, and also to dispose of the wastewater through agriculture. The 
study comprised of four pot experiments conducted during the years 2006 to 2009 
with the following aims: 
1) To test suitability of the wastewater for irrigation and analyzing its 
physicochemical characteristics, som.e heavy metals and microbes. 
2) To optimize the levels of N, P and K fertilizers, individually as well as in 
combination when applied with or without wastewater. 
3) To study whether the wastewater could substitute the ground water as a source of 
irrigation and if any dilution of the city wastewater before irrigation is required. 
4) To observe if the wastewater could supplement inorganic fertilizers, either partly 
or fully, and whether some fertilizer saving could be achieved. 
5) fo find out if grain protein and carbohydrate contents are affected by the use of 
wastewater. 
CHAPTER 11. LITERATURE REVIEW 
The use of sewage wastewater in agriculture has a long history and is 
receiving renewed attention in the light of increased global water scarcity. It is 
currently used to irrigate agricultural crops in Middle East, North and South Africa, 
South America, Asia, Australia, and in parts of Europe (Bastian, 2006). Countries 
and regions in which water reuse is on the rise include the US, Westeni Europe, 
Australia, and Israel (Miller, 2006). Therefore, in this review attempt has been made 
to include the literature related to the studies made worldwide on the effect of 
wastewater on wheat and some other crop plants. 
Wheat makes high demand for nutrient elements from the soil and N, P and K 
are considered to be of prime importance as these are absorbed and utilized in larger 
quantities. However, wastewater cannot meet the high nutrient requirement of the 
crop and thus, supplemental fertilizer needs to be added to get the optimum yield. 
Therefore, the role played by NPK in the growth and yield of wheat was also taken 
into account. It may be pointed out that work on wheat in respect to NPK fertilizers 
abounds, therefore only some of the recent references have been reviewed in the end 
of this chapter to give an idea about the nutritional requirement of wheat when grown 
without wastewater. 
2.1 Effect of Wastewater on Wheat 
Day et al., 1974 conducted experiment at Tucson, Arizona to study the effects 
of treated municipal wastewater on growth, total fiber, acid-soluble nucleotides, total 
protein and amino acids in hay obtained from wheat. Plants grown under wastewater 
developed culms with larger diameter and higher total fiber content compared to 
plants receiving well water and recommended dose of N, P and K. Maximum hay 
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was recorded when wheat was grown with wastewater, followed by hay produced 
with we!! water and N, P, and K in amounts equal to those in wastewater, and hay 
grown with well water plus recommended dose of N, P, and K, in decreasing order. 
They noted that wheat grown with well water along with N, P, and K in quantity equal 
to those present in wastewater and hay produced with wastewater alone have similar 
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recommended dose of N, P, and K. Amino acids like alanine, glysine, phenylalanine 
and tyrosine were also present in higher concentrations in hay obtained with 
wastewater than in hay produced with remaining two treatments. Day et al., 1975 
further performed an experiment to study the effects of treated municipal wastewater 
on protein and amino acid content of wheat grain. Irrigation treatments included well 
water plus suggested amounts of N, P, and K; well water plus N, P, and K from 
commercial sources in doses equal to those present in wastewater; and wastewater 
from an activated sludge sewage plant. The average number of heads and grain yield 
was more in plants grown under wastewater. Grain from the plants irrigated with 
wastewater had more total T>rotein alanine histidine isoleucine and proline than 
obtained from other treatments. They concluded that treated municipal wastewater 
was an effective source of irrigation water and plant nutrients for the production of 
better quality grain. In continuation another attempt was made by them in 1979, when 
they studied the effects of irrigating wheat with a mixture of pump water and 
wastewater and with pump water alone. They reported that in large fields, wheat 
grown v/ith the pump water-wastewater mixture had taller plants with more lodging, 
lower grain volume-weights, and higher grain yields than the wheat produced with 
pump water alone. 
Campbell et al., 1983 at Tooele in Utah, studied the long-term effects of 
municipal wastewater on agriculture land and some crops like wheat, alfalfa and 
sweet corn. Plants grown on effluent-irrigated sites gave higher growth rate, dry 
weight, and yield than grown at control sites. Metal concentrations observed in plant 
and soil were below the toxic level and infact high P levels were reported in effluent 
irrigated soil. Ajma! and Khan, 1984 at Aligarh (India) while taking wheat and pea 
with breweries effluent noted 100% germination under 25%, 50%, and 75%) effluent, 
while it was 80% and 90% in pea and wheat, respectively in 100%) effluent. Makki et 
al., 1987 while observing the effect of drainage water of Al-Hassa in Saudi Arabia, on 
five field crops like wheat, alfalfa, sweet com, ryegrass and soybean concluded that 
seed germination, plant height, root length, leaf area and dry matter were significantly 
decreased when the plants were irrigated with drainage water. However, the tolerance 
to drainage water appeared to be beneficial for the growth of wheat which showed 
significant increase in plant height, root length, leaf area and dry matter accumulation 
with the mixture of irrigation and drainage water in the ratio of 1; 1. Through this 
studv thev succ^ested that drainac^e water could be successfully reused in cultivation of 
wheat in conjunction with irrigation water. In 1988, Chakrabarti and Chakrabarti, 
from Nagpur (India) reported the effect of irrigation with raw and differentially 
diluted sewage and primary settled sewage-sludge on wheat plant growth, crop yield, 
enzymatic changes and trace element uptake. They observed an increase in the 
concentration of some metals, Cu, Zn, Cr, and Mn and decrease in the activities of 
some enzymes, aspartate amino transferase, alanine amino transferase and peroxidase 
in different fractions of wheat plants, however, grain yield was not decreased. While 
large scale cultivation of wheat, sugarcane, paddy, onion and groundnut using treated 
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effluent from Pudumjee pulp and paper mills ltd., Pune. confirmed that the lignin, 
polysaccharides and residua! nutrients present in the effluent were helpful and 
increased the yield (Kulkarnii, 1988). 
Sharma and Habib, 1995 at Bareilly (India) studied the effect of rubber factory 
effluent on different cultivars of five rati crops viz. wheat, gram, pea, mustard and 
barley. They observed that concentration of Mg in the straw and dried hay of all the 
cultivars irrigated with effluent mixed wastewater decreased. Also the percentage of 
Ca. K. PO4, total nitrogen and crude protein was significantly lower in seeds of the 
effluent treated cv. C-235 of gram. During the same year, Shivhare and Pandey, 1995 
at Raipur (India) after observing the effect of copper ore effluent on the percentage 
germination and seedling height of wheat, gram, cowpea, maize and paddy rice 
reported that the response of these parameters to effluent was concentration 
dependent. They observed that 50% effluent was favourable while 100% showed the 
deleterious effect. In their opinion this kind of response of effluent was due to the 
presence of xanthate which was present up to the level of 143 mg 1" . 
.A.ziz and Inam, 1995 from. Aligarh (India) while studying the quality of 
sewage wastewater for irrigation and its effect on soil and six crops (wheat, mustard, 
cauliflower, spinach, cucumber and radish) reported that soil irrigated with sewage 
showed no significant changes in pH, elemental carbon, organic carbon and some of 
the cations. On the other hand the soil as well as the crops showed accumulation of 
some heavy metals in general and the accumulation of Pb, Cr, and Ni in particular 
was in higher amount in all crops except wheat. Leaves accumulated more heavy 
metals and inorganic chemical constituents as compared to grains, stems and roots of 
all crops tested. Aziz et al., 1996 also conducted a field study adjacent to the Mathura 
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oil refinery. Mathura (India) and observed the long term effects of petrochemical 
industry wastewater on six crops namely wheat, triticale, chickpea, lentil, summer 
moong and pigeon pea. They noted that treated wastewater irrigation increased the 
seed yield of all the crops except the summer moong. 
Singh et al., 1995 observed that pre-sowing irrigation with distillery effluent 
having BOD of 4600 mg f had no adverse effect on the genriiuatiou of wheat, mai/.e, 
sorghum and cowpea. Later, Singh and Bahadur, 1995 also reported that wheat, 
maize, rice, mustard, black gram, pigeon pea, soybean and chickpea seeds germinated 
normally in 20% distillery effluent; where as green gram seeds germinated normally 
even in 50% effluent. While wheat seeds were reported to be more sensitive and did 
not germinate in 50% effluent. 
At Riyadh in Saudi Arabia, Hussain et al., 1996 while investigating yield and 
nitrogen use efficiency (NUE) of wheat under field conditions using well water and 
treated effluent concluded that higher grain yield and NUE of wheat crop could be 
achieved with low application rates of nitrogen if the crop is irrigated with treated 
effl.uent having nitrogen in the range of 20 mg 1" and above. During the year, 1998, 
Jovanovic et al., from South Africa reported the possible use of lime-treated acid m.ine 
drainage wastewater for irrigation of wheat, maize, soybean, sorghum, pearl millet, 
cowpea, rye, oat, triticale, ryegrass, lucerne, fescue, crownvetch, cocksfoot, 
milkvetch, weeping love-grass, smuts finger, kikuyu, panicum and rhodes. 
Considerable increases in yield of wastewater irrigated crops were observed, 
compared with rainfed cropping. Shallow rooting depths were, however, recorded for 
most of the crops but no symptoms of foliar injury were noted. Iqbal and Mehta, 
1998 at Jaora (India) reported that sugar mill effluent increased the dry matter in 
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wheat, where as chlorophyll content and dry matter of chickpea was adversely 
affected. In the following year 1999, Pathak et al., at Sitapur (India) studied the effect 
of distillery effluent and observed that soil amended with effluent increased the grain 
and biomass yield of wheat and rice grown in sequence as compared to control. Their 
results also indicated significant improvement in soil properties like available organic 
carbon, potassium., saturated hydraulic conductivity, bulk density and volumetric 
water content. 
Dhafer et al., 2000 from Italy, reported the impact of wastewater 
complementary irrigation in comparison to well water with added fertilizer - on 
growth, water consumption and yield of durum wheat. They observed increase in 
yield of crop and developed suitable wastewater irrigation techniques for maximum 
production and avoidance of soil and ground water pollution. Also in the year 2000, 
El Hameed et al., from Egypt, investigated the extent of contamination hazards in 
soils and wheat plants resulting from long-term irrigation with sewage water. Their 
results revealed that prolonged use of sewage water decreased the dry matter weight 
as well as weight of 1000 grain weight. Concentration of Fe, Mn, Zn and Cu was 
increased and also, accumulation of Pb, Cd and Ni in the different parts of wheat 
plants increased with the increasing period of irrigation. Tonk et al., 2000 conducted 
an experiment at Hisar (India) and reported that the dry matter yield of wheat and 
uptake of N, P and K increased significantly with the increased supply of industrial 
wastewater discharged from the glue industry and nitrogen. 
Feizi, 2001 from Korea, while examining the effect of treated wastewater on 
accumulation of heavy metals in wheat, maize, tomatoes, cucumber, alfalfa and soil 
revealed in their observation that though the heavy metal concentration in the soil and 
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plants were slightly higher m irrigation with effluent, but no significant heavy 
metal risk was associated with irrigating the crops using treated wastewater. 
Kumawat et al., 2001 at Ujjain (India) while taking wheat and chickpea as test plant 
in their experiment using 0, 25, 50, 75 and 100% base and caustic yellow dye effluent, 
reported that higher effluent concentration decreased the germination, root and shoot 
lengtu anu ury matter prouuction Oi tne two crops testcu. v^ ii trie otiier iianu, marguiai 
increase at lower concentration of 25% was observed. They suggested that proper 
crop cullivar selection should be considered before effluent use. Nan and Cheng, 
2001 from Baiyin city, China, reported the accumulation of Cd and Pb in spring wheat 
grown in calcareous soil irrigated with wastewater obtained from two streams viz. 
Dongdagou and Xidagou which accept both domestic wastewater and some industrial 
sewage. Zadhoosh and Fardad, 2001 at Karaj (Iran) performed an experiment using 
in and outflow from water refinery to investigate the effect of wastewater irrigation on 
wheat. The treatments included: non-refined wastewater (in flow), primary pool 
water (semi-refined), refined (out flow), and well water. They observed that highest 
average f^ rain '^ 'ield and 100 grain weight was with the non-refined treatment while 
the lowest with the refined water treatment. 
Singh et al., 2002 at Allahabad (India) conducted an experiment to assess the 
agro-potentialhy of the pulp and paper mill effluent on growth, yield and quality of 
wheat. Three types of irrigation were included; 100% effluent (undiluted), 50% 
effluent and 0% effluent. They observed increase in chlorophyll content, plant height, 
shoot and root biomass, grain yield, protein, carbohydrate and lipid content in wheat 
grains with diluted effluents, while undiluted effluent caused inhibition in plant 
growth resulting in a sharp decline of yield. 
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Hayat et al., 2002 at Aligarh (India) studied the role of oil refinery 
wastewater on heavy metal content of yoil and the two crops (wheat and mustard). 
They reported that heavy metals in soil, water and grains were within the permissible 
limits and also, seed yield in wheat and mustard, irrigated with wastewater, was more 
than that grown with ground water. Javid et al., 2003 also from Aligarh. noted the 
uTipact Oi sewage wastewater uiscnargeu ironi tue sewage treatment piant oi tuc rviviu 
on wheat cv. HD-2329 and concluded that its application promoted the growth and 
also enhanced the yield but protein and carbohydrate were lower ih grains of 
wastewater grown plants. 
Agrawal and Sachan, 2003 from Valsad (India) reported the effect of sugar 
industry wastes (sugar industry effluent, sugar industry sludge and pressmud) on 
growth and their residual effects on soil. They noted significant increase in plant 
height, fresh and dry weight of shoot, though there was decrease in germination 
percentage and none of the treatments of irrigation was found to significantly change 
the soil properties. Therefore, it was concluded that effluent could be used as a good 
sources of N P K and ort^ anic matter without much adverse effect on soil. Choukr-
AUah et al., 2003 at Cairo (Egypt) performed an experiment to stabilize rainfed wheat 
yield with supplemental irrigation using treated wastewater. Maximum yield was 
obtained when 70% of supplementary irrigation (175 mm) was given at the flowering 
period. 
Casa et al., 2003 from Italy, reported the effect of enzyme-treated olive mill 
wastewater (OMW) on durum wheat. They observed that when wheat seeds were 
irrigated with treated OMW, germinability was increased by 57% at 1:8 dilution and 
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by 94% at 1:2 dilution, as compared to the same dilutions using untreated OMW. 
Similarly, effect of OMW on durum wheat was also reported by Rinaldi et al., 2003 
from Italy. According to their three years studies, OMW without pre-treatment when 
spreaded on crop during vegetative stage produced necrosis in leaves and caused a 
slow emergence of secondary stems, however, at this stage, the crop showed good 
influenced by non-treated OMW. No significant differences, neither for grain nor for 
straw yield, were highlighted between the treated and non-treated OMW. Cereti et 
al., 2004 from the same country, investigated the reuse of microbially treated olive-
mill wastewater as fertilizer. They tested several types of OMW with or without rock 
phosphate, microbially treated or not, and concluded that the beneficial effect on seed 
weight, spike number and kernel number was maximum after using the treated OMW. 
Sukanya and Meli, 2004a from Karnataka (India) reported the effect of 
distillery effluents on wheat. The treatments included six dilutions; effluent:borewell 
water (1:5, 1:10, 1:25 and 1 :,50); undiluted effluent; and only borewell water. They 
noted that N P K Zn Cu, Fe and Mn in soil were higher in idiots irrioated with 
undiluted effluent than those irrigated with other treatments. The crop total nutrient 
uptake and crop yield were maximum with 1:50 dilution. While the grain yield 
decreased progressively with the decrease in dilution levels. Dilution at 1:50 also 
gave the maximum number of productive tillers, ear length, ear weight, number of 
grains ear'', 1000 grain weight and harvest index. The undiluted effluent treatment 
adversely affected biomass production, and nutrient and water uptake, thus recorded 
lower yield. In continuation, they (2004b) further investigated the effect of the same 
effluents as N source on the yield and quality of wheat. The treatments were: 100% N 
substituted through liquid or solid effluent; 50% liquid + 50% solid effluents; 50% 
liquid or solid effluent + 50% inorganic N source; 25% liquid or solid effluent + 75% 
inorganic source; and 100% through inorganic source. They obtained maximum grain 
and straw yields with 50% solid effluent + 50% inorganic source, followed by 25% 
solid effluent + 75% inorganic source and 100% inorganic source. The treatment 
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dry gluten and wet gluten due to high protein content. Comparatively higher values 
of soil N, P, and K were obtained by them through the use of 100% distillery 
wastewater. 
Kaushik et al., 2005 studied the role of different concentrations in the range of 
0-100%) textile effluents (untreated and treated) collected from H.P. cotton mill Ltd., 
Haryana (India) on seed germination, delay index, shoot and root length, plant 
biomass, chlorophyll and carotenoid contents of three cultivars of wheat. Their data 
revealed that textile effluent did not show any inhibitory effect on seed germination at 
low concentration (6.25%) and the other parameters also followed the same trend. 
They also noted that seeds germ.inated in undiluted effluents did not survive for longer 
neriod. 
Nazari et al., 2006 from Iran, investigated the effect of industrial sewage 
sludge and effluents on the concentration of some nutrients, heavy metals and dry 
matter yield of wheat, barley and maize. Well water, well water + sewage sludge @ 
50 tonnes ha' and three industrial effluents from Polyacryl factory were tested. Their 
data showed the micronutrient and heavy metal concentrations in plant tissues were 
higher using the effluents and sewage sludge in comparison to well water. The dry 
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matter yield of roots and shoots was maximum using well water + sludge in 
comparison with well water and effluents which increased the shoot dry matter yield. 
The effect of untreated and treated olive mill wastewater (OMW) on seed 
germination, plant growth and soil fertility was studied by Mekki et al., 2006 from 
Tunisia. Wheat, tomato, chickpea, bean, and barley were tested for germination index 
and growth m soil irrigated with OIviW. Tlie results showed beneticia! effect of using 
treated OMW and the plants showed an improvement in seed biomass, spike number, 
plant growth and similar or even better dry matter productivity than plants irrigated 
with water. Inhibition in the seed germination, leaf necrosis and low productivity was 
reported with untreated olive mill wastewater. Similarly, Brunetti et al., 2007 from 
Italy, reported the effects of amendment with treated and untreated olive oil mill 
wastewaters on soil properties, soil humic substances and durum wheat yield. In this 
study, two types of irrigation, lagooned water (LW) or catalytically digested 
wastewater (CW) at two levels were used. Both LW and CW increased the soil EC, 
total organic carbon, total extractable carbon, humified and non-humified carbon 
forms, available P and K. However, in comparison to LW-am.ended soil, CW-
amended soil featured more contents of total extractable carbon and humified carbon. 
Addition of LW and especially CW, affected the grain yield positively by increasing 
the number of kernels per unit area, spike density and kernel weight. 
While working on the physicochemical properties of treated distillery effluent 
from the Lords distillery, Ghazipur (India) Pandey et al., 2007 performed an 
experiment to assess the effect of various concentrations of effluent ranging from 0%, 
25%, 50%, 75%, and 100% on seed germination of three selected crops i.e. wheat, pea 
and okra. They reported higher value of TS, BOD, and COD in distillery effluent 
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than recommended by Bureau of Indian Standards, indicating its acidic nature with 
high dissolved salts and organic matter. They noted that germination percentage 
decreased with increasing concentration of wastewater in the three seeds tested, where 
as the germination speed, peak value and germination value increased up to 50% 
concentration only, however, above 50% effluent concentration, it had adverse effect. 
To determine the effect of tannery wastewater on some germination properties 
of wheat, maize, rice, chickpea, bean, sunflower and soybean seeds the study was 
conducted by Tayyar et al , 2008 in Turkey. Four concentrations of effluent (1:0, 
1:10, 1:40 and 1:80) including tap water as control were analyzed for some physical 
and chemical properties. Effluent although was rich in some plant nutrients, but 
undiluted tannery effluent (1:0) significantly decreased and inhibited the seed 
germination compared to remaining concentrations. 
Chandra et al., 2009 at Unnao (India) investigated the accumulation and 
distribution of toxic metals in wheat and mustard irrigated with distillery and tannery 
effluents. According to their analysis, effluents and soil samples had high metal 
contents then the permissible limits. Further analysis indicated high accumulation of 
Fe, Mn, and Zn. Hence, they concluded that wheat and mustard irrigated with 
untreated effluents possessed health hazards. 
2.2 Effect of Wastewater on Plants 
Ajmal and Khan, 1983 at Ahgarh (India) studied sugar mill effluent on kidney 
bean and pearl millet. Their studies found that germination was quicker in the control 
and with 25% effluent in comparison with higher concentrations. Ajmal and Khan, 
1984a also assessed the impact of vegetable ghee producing effluent on kidney bean 
and pearl millet where 100% effluent decreased the germination of kidney bean, while 
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pearl millet showed an increase compared to control. 25% effluent promoted the 
growth of kidney bean whereas pearl millet showed better response with 50%, 75%, 
and 100% effluent. They also tested the suitability of industrial dairy processing 
effluent on pea and mustard (Ajmal et al., 1984b). In yet another study during the 
year 1985a, Ajmal and Khan collected textile industry effluent and applied it on 
kidney bean and okra where 50% effluent proved better for both the crops. 
Germination was delayed in 100% effluent and it was 90% under 75% effluents. 
They (1985b) further observed the impact of electroplating factory effluent on 
hyacinth bean and mustard. Delayed germination and retardation of root and shoot 
length were observed with increasing concentration, while germination was totally 
inhibited at 1.5% in mustard seeds. Fresh and dry weights of hyacinth bean increased 
up to 0.2% effluent. The optimum growth of hyacinth bean was observed with 0. l%o 
effluent. It was concluded that only diluted effluents proved favourable for plant 
growth. 
Impact of municipal wastewater and sewage sludge on the growth of coriander 
and spinach was reported by Iqbal et al., 1994 from Pakistan. According to their 
studies, highest crop weight and biomass were harvested with treatment comprising a 
medium of 1:2 fine sand and cattle manure, irrigated with sewage water as compared 
to fine sand and irrigation with tap water. The lowest was recorded with treatment, a 
medium of 1:2 fine sand and raw sludge, and irrigated with sewage water. Nashikkar, 
1994 from Nagpur (India) reported that seed germinafion of cabbages, aubergines, 
okras, and cauliflowers, was retarded with domestic wastewater with high BOD. 
However, seedling growth was enhanced by wastewater with medium to high BOD 
levels. 
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Al-JaloLid et al.. 1995 from Riyadh (Saudi Arabia) while studying the effect 
of wastewater irrigation on mineral composition of com and sorghum concluded that 
its use did not increase the mineral concentrations of either macro and micro-elements 
or heavy metals in both crops to hazardous levels according to the established 
standards and therefore, could be used safely for crop cultivation. Chakrabarti, 1995 
at Nagpur (India) noted that application of diluted sewage wastewater with or without 
nutrient fortification for ten years resulted in build-up of macronutrients in soil, with 
special reference to nitrogen which was manifested in higher growth and yield of rice, 
without any other added nutrient. El Mardi et al., 1995 from Oman, worked on the 
effect of treated sewage water from Sultan Qaboos University campus utilities, on 
vegetative and reproductive growth of date palm. It significantly increased leaf Na, K 
and Cu and decreased leaf Ca and fruit Zn contents compared with desalinized water 
irrigation, but no significant effect was observed on fruit K, Ca, Mg and Na 
concentrations for the same palm and thus, none of the examined metals found to 
reach levels toxic to man or plant. Lapena et al., 1995 from Spain, evaluated the 
possible use of treated municipal wastewater for citrus spp. and concluded that it was 
suitable for irrigation. 
Eid and Shereif, 1996 at Cairo (Egypt) observed the effect of wastewater 
irrigation on growth and mineral contents of barley, broad bean and rape under 
greenhouse. The dry matter yield was maximum from raw wastewater mixed with 
fresh water (1:6). The content of P, N, Mn, and Ni increased significantly with mixed 
wastewater compared to fresh water. However, the concentration of heavy metals in 
plants was lower than the critical level. Phytotoxic effect of industrial and sewage 
wastewater on sunflower plants was studied by Gadallah, 1996 in Egypt, reporting its 
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detrimental impact on growth, chlorophyll content, transpiration rate and relative 
water content. Similarly, studies carried out in Spain by Burlo et al., 1997 where 
severe adverse effect of municipal wastewater was observed on loquat plants as they 
suffered foliar necrosis and all of them died at the end of the experiment. 
Aziz et a].. 1998 at Aligarh, while examining the performance of triticale 
under live levels of irrigation with treated effluent (TE) of Mathura oil refinery, 
reported three irrigations with TE proved better to four levels of ground water, 
showing linear increase in all the parameters studied. However, lower protein and 
carbohydrate contents were noted under TE. In continuation (1999) while studying 
the effect of the same wastewater on com, mustard and soil, it was noted that 
properties of soil showed no significant changes, whereas TE irrigation resulted in 
increased growth and yield of both crops. Shahalam et al., 1998 from Jordan, tested 
the impact of wastewater irrigation on soil and lucerne, radish and tomato. Their 
results showed that yield obtained from the wastewater with fertilizer was compatible 
with that of the use of fresh water with fertilizer. The fruit skins were free from 
viable faecal coliforrns 24 hours after the wastewater application. Similarly, 
Srikantha et al., 1998 at Bangalore (India) while studying the effect of undiluted and 
diluted dairy effluent on yield and nutrient composition of French bean and 
amaranthus, observed that germination percentage decreased with increase in the 
quantity of effluent used during irrigation. Even dr}' matter yield was highest with 
control and lowest with raw effluent. 
Hussain and Al-Saati, 1999 reported that use of treated wastewaters in Saudi 
Arabia as a supplemental irrigation has not only increased crop production, water use 
and nitrogen use efficiencies but also served as a source of plant nutrients. The short-
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and long-term use of different types of wastewater for irrigation did not show any 
significant increase in the bioaccumulation of heavy metals in crop as well as in soil. 
Ruple et al.. 1999 from Florida, reported the feasibility of using electrodialysis 
reversal reject (EDR) water to supplement the traditional wastewater effluent for 
turfgrass (ryegrass) irrigation and to assess the effect of reject water on growth of 
ucimuuag,iass. iiicy iiiigaicu wuii luui luiAiuics ui icjcci .cii iucni ( u : i , i :z , z : i ana 
2:0), and noted no siginificant difference in the yield of bermudagrass but reduction in 
ryegrass in all proportions indicated potential problems while using reject water for 
irrigation. Also working on turfgrasses, Mortram, 2003 from UK, evaluated the effect 
of wastewater while conducting the pot experiment and reported that biomass and 
shoot length was significantly more in turfgrass irrigated with wastewater than 
distilled water. 
Murillo et al., 2000 while studying the response of olive tree to irrigation with 
wastewater from the table olive industry in Spain, reported that wastewater affected 
the trees adversely and significant reduction in olive yield was recorded, indicating 
the unsuitability of this kind of wastev,'ater for olive orchards. ReboU et al., 2000 
from. Sriain, indicated in their studies on treated sewage wastewater, that no 
detrimental effects were found after using wastewater for irrigation of young citrus 
trees, therefore, reclaimed wastewater proved to be a suitable alternative water 
resource for irrigation without reducing the yields. In California, Shannon et al., 2000 
analyzed the salt tolerance in leafy vegetables irrigated with saline drainage water and 
reported that Swiss chard was the most salt tolerant, followed by radicchio. Greens, 
kale, pac choi, and to lesser extent, tatsoi, have potential as winter-grown leafy 
vegetables in drainage water reuse systems. Segura-Perez et al., 2001 also from 
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Spain, studied the use of purified and ozone-treated wastewater to fertigate melon 
had positive effects on the addition of fertilizer salts since the application of total N 
and K was decreased by 40.8% and 17.8%. Analysis of heavy metals in soil and plant 
(leaf and fruit) and microbiological analysis of fruits indicated no contamination. 
Braddock and Downs, 2001 from Australia, while irrigating sugarcane with sewage 
wastewater recorucu significant increase in cane yield by 45% and also saving of 
sufficient amount of fertilizers up to 100 tons of N and 35 tons of P armually. 
Malarvizhi and Rajamannar, 2001 conducted experiments at Madurai (India) 
to study the effect of sewage effluent on forage yield and quality of bajra-napier 
hybrid grass. They reported that sewage effluent irrigation in interaction with 100 kg 
N ha"' increased the green fodder, dry fodder and the crude protein yield was found to 
be highest. Chang, 2002 from China, also studied the effect of cattle farm wastewater 
on napier grass and reported that irrigation of 19500 m^ ha"'year"' (identical-to 450 kg 
N ha"'year"') of anaerobic treated wastewater significantly yielded more fresh grass 
weight than application of chemical fertilizer. Cmde protein contents were also 
significantly higher Vv'ith wastewater then the control. Dzhalalzade, 2003 from 
R-Ussia. has seen the effentivpne'^s nf irripatinp silape corn with wastewater 
According to the studies, wastewater had positive effect not only in terms of an 
increase in green mass yield but also the quality of crop, obtaining high digestible 
protein hectare"'. Freitas et al., 2004 from Brazil, reported that higher productivity 
may be obtained with swine wastewater, which increased the plant height, spike 
index, height and weight of spikes in maize for silage. Mohammad and Mohammad, 
2004 from Jordan, observed the effect of irrigation of forage crops (maize and vetch) 
with treated wastewater which resulted in increased yield of the two crops. They 
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concluded that secondary treated wastewater could be a source of plant nutrients 
and can be reused for irrigation. Weinberg et al., 2004 (Israel) reported that forage 
crops irrigated with secondary-treated wastewater were suitable for animal feeding. 
Erlani et al., 2002 (Iran) conducted field study to investigate the effect of 
irrigation with treated municipal wastewater on lettuce. Yield was highest under 
irrigation with wastewater over all growing seasons as compaied to control whereas, 
maximum fresh weight was obtained from irrigation with well water and cattle 
manure. Lone et al., 2003 from Pakistan, reported the adverse effect of sewage water 
irrigation on okra and spinach as Ni, Cd, Pb, and Cr concentration was much higher 
than the permissible level recorded in edible parts with the application of sewage 
water and a mixture of tube well and sewage water as compared to control. 
Doddamani et al., 2003 from Kamataka (India) reported that irrigation with distillery 
effluent alone at lower concentration remained ineffective in increasing the yield of 
sunflower crop and beyond 50% it was harmfial to the crop. However, dilution of 
effluent up to 50% along with the fertilizer application, recorded significantly higher 
physicochemical properties of sewat^e water from Chachar nala, Allahabad (India^ 
also studied its effect on seed germination and seedling growth on cowpea and okra. 
The highest germination and growth was recorded at 25% concentration of sewage 
water. From 50% and 100% concentration, the germination and growth were lower 
than the tap water. 
Javid et al., 2003 at Aligarh, reported the efficiency of both sewage 
wastewater and thermal power plant wastev^ater in improving the vegetative growth, 
physiological characteristics and yield of black gram. Khan et al., 2003 further 
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studied the same sewage wastewater and reported that wastewater application on 
spinach and methi increased the total chlorophyll content, photosynthetic rate, growth 
and yield of the two crops. Shah et al., 2004 also reported the effectiveness of the 
same water in improving the yield and quality of triticale. Akhtar et al., 2006 further 
observed advantage of using thermal power plant wastewater as a source of iirigation 
for the cultivation of linseed as it improved the growth, seed yield and oil content of 
the crop over ground water. Later during the year 2007a, Tabassum et al., reported 
the utility of city wastewater as source of irrigation for mustard crop and while 
working on the same water, they (2007b) also recorded higher yield in lentil as 
compared to ground water. 
Al-Lahham et al, 2003 (Jordan) while investigating the effect of different 
treatments of potable and treated wastev '^ater on quality of tomato fruit concluded that 
microbial contamination increased exponentially with increasing proportions of 
treated wastewater application and it was advised to apply treated wastewater as an 
alternative of irrigation for tomatoes consumed only after cooking, but not for use as 
raw. In further studies, effect of treated municipal wastewater for irrigation of tomato 
was reported by Najafi et al., 2003. The results showed that surface drip irrigation 
and subsurface drip irrigation with treated wastewater gave the maximum 
productivity, much above the control. They also reported that since these treatments 
had lesser contact between effluent and plants, therefore, little scope for microbial 
contamination appeared. 
Samples of various vegetable plant species, namely okra, chard, celery, Jew's 
mellow, lettuce, onion, radish, rocket and spinach were collected from the fields at 
Mostord in Egypt by Abdel-Sabour and Rabie, 2003 where the soils have been 
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subjected to prolonged domestic and industrial wastewater irrigation, and tested for 
heavy metal accumulation. Analysis of edible plant parts revealed that the use of 
wastewaters significantly increased the concentration of tested metals which was 
exceeding the permissible limits. Hamdard et al., 2005 from Pakistan, reported that 
Pb and Cd accumulation in turnip, tomato, fenugreek, long melon and radish grown 
with sewage eftluent were slightly higher from those irrigated with canal Vv'ater. 
However, the accumulated Pb and Cd were within permissible limits. Similarly, 
Kakar et al., 2005 studied the phyto-accumulation of heavy metals in tomatoes grown 
on city effluents at Quetta city, Pakistan. They reported that concentration of Fe, Mn, 
Zn, Cu, Pb, and Ni in plants was above the toxic levels and hence, city effluents were 
not suitable for growing vegetables. In Zimbabwe, the study was conducted by 
Muchuweti et al., 2006 to check the heavy metal contents of crops irrigated with 
mixtures of sewage wastewater. The crops maize, bean, pepper, tsunga and sugarcane 
analyzed were found to be heavily contaminated with Cd, Cu, Pb, and Zn, moreover, 
this contamination was at its highest, much above the permissible limit, in the two 
staple dietary crops i.e. maize and tsunga. While studying the im.pact of wastewater 
on spinach in the suburban areas of Varanasi (India) Sharma et al., 2007, concluded 
that the use of treated and untreated wastewater for irrigation increased the 
contamination of Cd, Pb, and Ni in edible parts of vegetables causing potential health 
risk in the long term. No adverse effect of sewage wastewater use on the overall 
element concentrations in soil and on water spinach was reported by Marcussen et al., 
2008 at Hanoi (Vietnam). 
Economic benefit from irrigation Wilh treated municipal wastewater was 
studied by Tsadilas and Vakalis, 2003 in Greece. From the data of their study, it was 
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concluded that treated wastewater can be used for the irrigation of corn and cotton, 
saving fresh water as well as fertiUzers and also obtaining the same or even better 
economic results. Similar results were obtained from the studies of Papadopoulos and 
Savvides, 2003 on impact of treated municipal wastewater on green pepper, eggplants 
and sudax, indicating the superiority of the treated wastewater to borehole water and 
its ability to produce higher yield with less N fertilizers. Alimad et a!., 2003 from 
Aligarh (India) reported that sugarcane crop gave better response to the oil refinery 
treated wastewater than ground water, enhancing cane length, fresh weight and yield. 
In another studies, Hayat et al., 2007 on the same wastewater, suggested that it also 
favours the growth and productivity of pigeon pea and no adverse effect on the 
legume-Rhizobium symbiosis was observed. 
Effect of untreated OMW and olive pomace compost on ryegrass was studied 
by Montemurro et al., 2004 reporting an increase in growth parameters with the 
highest untreated OMW application and indicating possible use of OMW as an 
amendment to ryegrass. No accumulation of heavy metals in the soil was observed. 
El Hassani et al., 2009 of Morocco, conducted studies to investigate the changes in 
viability, biomass production, essential oil yield and essential oil composition of 
spearmint when exposed to OMW. They reported that the short contact of raw OMW 
with mint cuttings caused an irreversible damage in rhizogenesis and shoot 
developments. However, in a field experiment, spearmint showed a good capability 
to recover when OMW was spread at 81m"^  at vegetative phase of growth and also, a 
slight increase of mostly of the mint essential oil constituents was obtained. But when 
the dose applied was 161 m'\ phytotoxicity was expressed by a significant reduction 
in biomass as well as essential oil yield. 
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Rija et al., 2005 (Pakistan) revealed that irrigation with sewage wastewater 
caused a significant increase in total protein, carbohydrate and chlorophyll contents of 
chickpea, mung bean and lentil. In Saudi Arabia, Al-F'redan, 2006 recorded the 
maximum improvement in growth of faba bean with 100% municipal wastewater 
effluent without any nutrient deficiency, or signs of toxicity. During the same year, 
Biirun et al., from Turkey, reported that Vv'hen the lime-stabilized urban wastewater 
was applied to soil, grain yield and nutrient content of barley increased considerably. 
No negative effect on protein content was noticed by them, hi Brazil, Cavallet et al., 
2006, while conducting out experiment to study the impact of enzyme industry 
wastewater on maize, reported an increase in grain yield and concluded that 
wastewater of enzyme industry may replace soil mineral fertilizer for the same crop. 
Similarly, Kiziloglu et al., 2007 from Turkey, reported that treated wastewater 
application increased yield and also N, P, K, Fe, Mn, Zn, Cu, Bo, and Mo contents of 
cabbage plants. Undesirable side effects were not observed in plant heavy-metal 
contents. Esmailiyan et al., 2008 from Iran, reported positive influence of municipal 
wastewater on grain yield and its com.ponents of com as com.pared to fresh water. 
Contrarily, Oishlaqi et al., 2008 also from Iran, assessed the negative impact of 
wastewater irrigation on soils and crops (lettuce, spinach and celery) and concluded 
that it lead to change in soil quality (pH, OM, Ex-Ca), increase in heavy metal 
concentration in soil (notably Ni and Pb) and crops (Cd and Ni) and thus posing 
potential health risk through consumption of affected vegetables. 
Studies of Palese et al., 2009 from Italy, revealed that low-quality treated 
wastewater can be useful for olive plantation irrigation as no significant microbial 
contamination was recorded on fmit harvested directly from the canopy of the 
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waslewater-irrigated trees and also, contaminations on fruits sampled from the 
ground in the wastewater-irrigated plot were always low and usually similar to, or 
lower than those observed on drupes collected from the rainfed plot. Zavadil, 2009 
from Czech Republic, tested the effect of municipal wastewater on the yield and 
quality of lettuce, radish, carrot, potato and sugar beet. Contrary to secondary-treated 
vvaouw wcitK-.I, iiiv_ p i i i i i a i _) "Li v-^auv^u vvct^i-v^ vvciiui ^ i ^ i i m u o - i i t i j iiiv^i v^ciovu t i i v j i*»^ iva KJX c m 
vegetables. However, secondary-treated wastewater increased only the sodium 
content in radish and carrot whereas primary-treated wastewater significantly 
increased the sodium content in consumable parts of all vegetables and nitrate 
contents in lettuce and radish. 
Dhanam and Arulbalachandran, 2009a applied effluent obtained from 
Briquetting and Carbonization plant, Tamilnadu (India) on groundnut. Seed 
germination, seedling growth, fresh and dry weight of seedlings as well as 
photosynthetic pigments, sugar, protein, aminoacid and phenolic contents showed the 
increasing trend up to 10% concentrations of effluent. However, the increased 
fluorine effluent, on the same crop and observed that morphological and biochemical 
parameters decreased with the increase in effluent concentrations except 10% 
effluent. While observing the effect of the same effluent on another crop, black gram, 
they (2009c) again found that all the growth parameters increased up to 10% 
concentration whereas decrease from 25% onwards was observed. Similarly, Lenin 
and 1 hamizhiniyan, 2009 also from Tamilnadu, reported that germination characters, 
root and shoot length, fresh and dry weight and pigment content of hyacinth bean 
increased up to 5% concentration and thereafter declined with higher concentrations 
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of spent wash effluent discharged as wastewater from juice factory. Thamizhiniyan 
ct al.. 2009 irrigated black gram and ragi with sugar mill effluent and concluded that 
effluent concentration above 5% was toxic for both crops and it can be used for 
irrigation puipose only after appropriate treatment and dilution. 
2.3 NPK Fertilizers and Wheat 
Jena and Bchcra, 1998 from Orissa (India) reporled thai closer spacing of 15 
cm between rows, seed rate @ 150 kg ha"' and application of 120-66-40 kg, N-P2O5-
K2O ha" , respectively, increased the grain yield as compared with wider spacing, low 
seed rate and farmer's use of low fertilizer rate. Lomako, 1998 from Russia, obtained 
optimum yields of winter wheat with supply of 70:120:120 NPK before sowing, and 
subsequent dressings of 100 N at early spring and 30 N at heading. Higher protein 
and gluten contents were also achieved under these conditions. According to the 
studies of Azad et al., 1998 at Jammu (India) with each successive increase in 
fertilizers rate, 100%NPK i.e. 100 kg N + 50 kg P2O5+ 25 kg K2O ha"' and 125 or 
150% NPK with or without 20 kg Zn ha"' and/ or 10 tons farm yard manure (FYM) 
ha recorded a significant increase in growth and yield. However, FYM in 
conjunction with various fertilizer doses gave a significant increase in yield. Buttar 
and Singh, 1998 while working in Punjab (India), reported increase in grain yield with 
the application of P with no significant difference between rate (20, 40, 60 or 80 kg 
P2O5 ha' ) or source (NPK or liquid ammonium polyphosphate). Spike development, 
plant height and dry matter yield also increased with increasing P dose. Auti et al., 
1998 at Rahuri (India), while conducting field experiment with four levels of N, P2O5 
and K2O kg ha' i.e. 30:15:15, 60:30:30, 90:45:45 and 120:60:60 and five sources of 
fertilizers, reported that application of 120:60:60 kg NPK recorded the maximum 
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number of productive panicles, length of panicle, number of spikelets panicle"', 
number of grains panicle" . grain weight and 1000 grain weight. 
Karczmarczyk et al., 1999a from Poland, while observing response of spring 
wheat and triticale to irrigation or no irrigation and 0, 300 or 450 kg NPK ha'', 
concluded that supplemental irrigation and higher NPK rates increased the grain yield. 
In addition, chlorophyll and carotenoid content, photosynthesis, transpiration, leaf 
conductance and activities of enzymes like nitrate reductase, acid phophatase and 
peroxidase were also increased. In another study on the influence of irrigation and 0, 
150, 300 or 450 kg NPK ha ' on three cultivars of spring wheat, they (1999b) also 
reported that grain and straw yield without irrigation was highest with 150 kg NPK 
ha', while with irrigation the yield increased with the increasing fertilizer rates. 
Koszanski et al., 1999 further observed that irrigation and increased fertilizer rates 
increased the leaf area, tillering, culm height and 1000 grain weight. Gwal et al., 
1999 of Madhya Pradesh (India) while taking different combinations of 0-0-0, 60-30-
30, 120-30-30 or 180-90-90 kg N-P2O5-K2O ha"' fertilizers and four cultivars of late-
sown wheat noted that plant height, number of tillers plant"', spike length, grain 
protein content, grain yield and straw yield were increased with NPK rates. Thakur et 
al., 1999 at Samastipur (India) under field conditions studied the effect of organic 
manure, fertilizer level and seed rate on yield and quality of wheat and reported that 
100:50:25 kg NPK ha"' recorded significantly higher grain yield, harvest index and 
grain protein content than the lower fertilizers levels. However, 10 tons organic 
manure along with 125% more than the suggested dose of fertilizers further increased 
the grain yield than the application of fertilizers alone. 
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While conducting an experiment to determine the integrated use of 
inorganic fertilizers about low, 70-33-35 kg N-P2O5-K2O ha"'; and high, 100-50-50 
kg N-P2OS-K2O ha" , biofertilizers: phosphert, azofert. bioplin and vitormone and 
growth regulators: protein hydrolysate on growth and productivity of wheat. 
Mohiuddin et al., 2000 from West Bengal (India), reported that highest grain and 
straw yields were obtained with Biopiin and protein hydrolysate at high fertilizer 
levels. Nehra et al., 2001 from Haryana (India) reported that among the organic 
manure treatments, maximum values for all the attributes studied were observed with 
vermicompost and among inorganic fertilizers, increasing dose of nitrogen improved 
the leaf area index, photosynthetic pigments, photosynthetic rate, effective tiller 
number, grains ear'', grain and straw yields and dry matter. Maximum values were 
recorded with 120 kg N + 60 kg P2O5 + 60 kg K2O ha''. However, nitrogen at 120 
and 90 kg ha"' + Azotobacter were statistically at par with recommended dose of 
NPK. Effect of organic matter resources and inorganic fertilizers was also studied by 
Singh et al., 2001 on yield and nutrient uptake in the rice-wheat cropping system at 
Kanpur (India). While Bansal et al., 2001 of Madhya Pradesh (India) reported that 
potassium applied in two splits have extra advantage over basal application and also, 
fertilizer dose of N|oo P50 K50+50 resulted in highest yield. To classify the most 
important nutrients affecting growth and water use efficiency of wheat and to improve 
the grain yield, Liu et al., 2001 conducted experiments in China and reported that N 
application improved all the growth parameters and also increased the grain yield by 
64%. The application of P increased the yield by 17%, while N together with P 
further increased the total dry weight and grain yield by 48 and 75%, respectively. 
However, K application had no such effect. YongLin et al., 2001 also from China, 
applied NPK (300:500:100 kg ha" ) alone or combined with organic manure (OM) 
and reported increase in wheat spike length, grains spike'' and plant height, thus 
enhancing the biomass and grain yield, however, NPK combined with OM had a 
better yield-increase than the NPK alone. Berecz. 2001 from Hungry, reported that 
farmyard manure (30 tons ha" ) resulted in significantly lower grain yield as compared 
to 40:20:0 NPK kg ha"'. Baking quality was also unfavourable with under-fertilized 
treatments. The highest fertilizer rate (160:80:120 NPK kg ha'') gave the optimum 
results. 
Rusu et al., 2001a from Romania, in their nitrogen rate experiments showed 
that P and K fertilizers applied without N did not always increase the yield, but there 
were positive response to NPK which varied with soil and other fertilizer treatments. 
In continuation (2001b), the results of their phosphorus rate experiments (0, 30, 60 
and 90 kg P2O5) were applied together with 50 kg N + 30 kg K2O ha ' or 100 kg N + 
60 kg K2O ha"' revealed that crop yield increased with P application but fertilizer 
response was greater on the chernozem soil than the luvisol. They (2001c) also 
worked out the potassium, rate (0, 40 and 80 kg K2O ha"') together with 50 kg N + 30 
kg P2O5 ha ' or 100 kg N+ 60 kg P2O5 ha"' with or without 10 t mxanure ha"', and 
reported that the best yields were obtained with 40 kg K2O ha"', although on luvisot 
wheat yield increased with the higher K rate when more N and P was applied. 
Investigations into the effect of three N, P and K levels were also carried out at 
Faisalabad (Pakistan) by Hussain et al., 2002 where different NPK levels significantly 
affected growth, yield and quality, but the highest grain yield was recorded under 
105-75-75 kg NPK ha''. Kulhare, 2003 from Madhya Pradesh (India) investigated the 
effects of FYM and NPK rates and observed that 100:60:40 kg ha"' NPK significantly 
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increased the plant height, tillers, ear length, numbers of grains ear"', grain and 
straw yield compared to no treatment and 50% of recommended dose. However, 
FYVl + 100% NPK rate produced a higher yield than the recommended rate alone. 
Similarly, Rawat and Pareek, 2003 from Rajasthan (India) reported that application of 
10 tons FYM and 120+50+40 kg N, P2O5 and K2O ha'' significantly increased the 
150, 75 and 50 kg N, P and K ha'' together with 175 kg seed ha"' was the best for 
obtaining higher grain and straw yield of surface-seeded wheat under lowland rice 
ecosystem of North Bihar (India). While evaluating bread wheat under different 
fertilizer levels, Rajput et al, 2004 from Pakistan, reported that the combinations of 
160-80-50 and 180-90-50 kg NPK ha'' produced satisfactory grain yield and thus 
could be recommended in their local agro-climatic conditions. 
Sahay and Singh, 2004 from Bihar (India) while investigating the effect of 
cropping and nutrient use reported that NPK + lime fertilizer treatment gave the 
higher grain yield which was obtained even after 46 years of continuous cropping, 
however, inorganic fertilizers combined with famr^ard manure at half-dose gave the 
highest grain protein content. Dewangan et al., 2004 from Chattisgarh (India), carried 
out an experiment on various levels of fertilizer (30:30:20, 60:45:30 and 90:60:40 kg 
ha' N, P2O5 and K2O) under 2, 4 and 6 irrigations and obtained increased number of 
effective tillers, number of grains per plant, grain and straw yield with increasing 
irrigation and fertilizer levels. 
Combined effect of NPK and water on spring wheat yield was also worked out 
by ZhengHu et al., 2004 in an arid desert region of Shapotou (China). N and P 
fertilizers significantly influenced the yield, characterized by increase of the yields by 
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increasing supply of N and P fertilizers; however. K has a less influence. During 
the same year. ShuZhang et a!., also from China, reported that highest grain yield was 
obtained with long-term application of N, P and K at a ratio of 1 -.1:1 (120 kg ha"') and 
the highest protein content with 120 kg N ha"'. On the other hand, the lowest grain 
yield was obtained without fertilizer while lowest protein content with 60 kg N + 60 
kg P ha"'. The effect of long-term, fertilization treatments on leaf photosynthetic 
characteristics and grain yield was also studied by Jiang et al., 2004 from the same 
country, reporting that with the treatments of combined organic manure and inorganic 
fertilizers (TMI), net photosynthetic rate, maximal activity of photosystem 2, 
chlorophyll content of flag leaf and LAI were much higher, compared with the 
treatments of only inorganic fertilizers (TI), which resulted in different grain yields in 
TMI and 11. Among the TMI or TI, both flag leaf and canopy photosynthetic abilities 
and yield levels increased with the supplement of NPK fertilizers, except for the 
treatment of NK. Similarly, Huan et al., 2004 while studying the effect of long-term 
fertilizer use on wheat in grey desert soil reported that combination of NPK with 
farmyard manure is important to improve the soil fertility, yield and quality of v»'heat. 
Field experiments were also conducted by XiaoBing et al., 2005 where fertilizer 
application consistently increased the yield with the addition of NP and NPK 
fertilizers. Also, the highest protein yields were achieved in NPK and NPK+N 
treatments. Similarly, MingBiao et al., 2005 concluded that fertilizer application 
promoted the root growth, increased the grain yield and also improved the grain 
quality, however, NPK fertilizers in combination with organic fertilizer further 
improved the grain quality. 
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Singh et al.. 2005 from India observed that conjunctive use of organic 
manures and balanced inorganic fertilizer use produced maximum and sustainable 
crop yield and also maintained the soil fertility and productivity. Also in the year, 
2005, Bojovic and Stojanovic of Serbia, investigated in their studies that chlorophyll 
and carotenoid contents in all cultivars tested by them, were lowest with unfertilized 
son ana tnc variant or icniii^aiiKJii wnn i> auu i lumcu uui lu uc tnusi icivuuia.uic. 
The next most favourable variant was with nitrogen alone, and it was followed by the 
variant with N and K. 
Singh et al., 2006 at Kanpur (India) noted that number of spikes, their length, 
grains spike"', grain weight spike'', 1000 grain weight, grain and straw yield increased 
with increasing rates of NPK fertilizer along with 5 tons FYM ha"'. While 
investigating the effect of soil conditioners and fertilizer doses under rice-wheat 
cropping system, Singh et al., 2006 also from Kanpur (India) were of the opinion that 
application of recommended dose of NPK gave maximum grain and straw yield, and 
every reduction in fertilizer doses from 100 to 75% and 75 to 50% decreased the grain 
yield. Khandwe et al., 2006 of Madhya Pradesh (India) while working on 
vermicompost and NPK, reported that application of 100% recomm.ended NPK rates 
gave the highest values of grain and biological yield. Similarly, Khan et al., 2006 
from Pakistan, recommended that NPK @ 120-90-60 kg ha"' + FYM @ 10 tons ha"' + 
wheat crushed straw @ 10 tons ha"' for maximum yield. 
While investigating the fertilizer requirement of wheat in recently reclaimed 
soils, Mehdi et al., 2007 also from Pakistan, revealed that by the application of each 
increment of N fertilizer, there was increase in grain and straw yield where as P and K 
had non-significant effect except P at higher rate and K at lower rate. However, the 
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optimum dose suggested by them was 175-105-60 kg ha'' as N, P2O5 and K2O 
respectively. 
More recently, the productivity and seed quality of wheat in response to 
irrigation regimes and nitrogen levels were evaluated by Gharib et al., 2009 from 
Sudan. They reported that application of 86 kg N ha" (480 kg NPK ha'' in the ratio of 
18:18:5) coupled with the 7-14 days irrigation intervals significantly improved seed 
germination, seedling vigour and gave the highest grain yield. Seeds with higher 
storability up to 12 months were also produced under above mentioned treatments. 
Similarly, according to the studies of Ali et al., 2009 from Pakistan, application of 
half of recommended N (128 kg ha'') just after first irrigation and remaining half just 
after second irrigation gave maximum grain yield and harvest index. 
Hence, the last section of the review makes clear that wheat in general makes 
a high demand for nutrient elements from the soils, which are recuperated only to a 
very limited extent by natural processes. Therefore, if the yield of wheat is to be 
increased, and especially the high yields of new improved dwarf varieties are to be 
maintained and au<ymented, balanced amounts of plant nutrients have to be added to 
the soils to make up the deficiencies. Response of wheat to the application of 
nitrogenous fertilizers alone has been found to be almost universal, but the responses 
invariably vary with the fertilizer used: NPK>NP>N; the responses also varied 
according to the magnitude of nutrient deficiency of the soils. The net returns, 
however, may improve with optimum use of fertilizers. 
CHAPTER III. MATERIALS AND METHODS 
To assess the suitability of city wastewater for the purpose of irrigation as well 
as source of some nutrients supplemented with nitrogen (N), phosphorus (P) and 
potassium (K) as fertilizers, pot experiments were conducted on wheat {Triticum 
uestivum L.) var. PBW 343 during the rabi (winter) seasons of 2006-2009. In this 
chapter description of m.aterials used in for the study and the methods adopted for the 
experimentation and determination of various traits have been taken into account. 
3.1 Botanical Description of Wheat {Triticum aestivum L.) var. PBW 343 
Wheat belongs to poaceae family. There are two general types of wheat -
Winter and Spring- reflecting the time of year the seed is planted. The plant is 
attached by a tuft of fibrous adventitious roots. The main axis only develops lateral 
branches from the base called tillers. The basic unit of inflorescence is spikelets 
which are systematically arranged and are distributed along the central zig-zag axis 
'rachis'. Spikelets composed of flowers called florets enclosed by two sterile glumes. 
Flowers are sessile, hermaphrodite, zygomorphic and hypogynous. The androecium 
consists of three stam_ens, with long filaments and versatile anthers while gynoecium 
has a single carpel. The unilocular ovary is superior and usually with twa short style 
and the placentation is basal. Wheat has a 'caryopsis' type of fruit. 
It may be pointed out that authentic seeds of Triticum aestivum var. PBW 343 
were obtained from Indian Agriculture Research Institute (lARI), New Delhi. This 
semi-dwarf variety of wheat was developed by Punjab Agricultural University (PAU), 
Ludhiana and was centrally released in 1996. It is highly resistant to stem and leaf 
rust diseases, possessing good straw strength resulting in high degree of lodging 
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tolerance. Cirains are amber, semi-hard to hard, and of high qualities for making 
breads. It is identified for the timely sown and irrigated conditions of the North-
Western Plains Zone consisting of Punjab, Haryana. Rajasthan, parts of Jammu. and 
Western Uttar Pradesh (Wheat Status Paper-IX). 
3.2 Agro-climatic Conditions of Aligarh 
ALigaih city is situated in Western Uttar Pradesli, 135 km away from Delhi, 
the capital of India. It occupies an area of 5024 km^ and is located at 27''52'N latitude 
and 78°51 'E longitude and has an elevation of 187.45 m above sea level in the mid of 
Doab, the land between Ganges and Yamuna rivers. 
The climate is semi-arid and subtropical with severe hot dry summers and 
intense cold winters. The summer season extends from April to June and the 
temperature may reach up to 46°C or 47°C in the months of May and June. The 
winters start from October and ends in March, whereas December and January are the 
coldest months and the average temperature ranges between 13°C to 15°C, while the 
minimum temperature for any single day may go down up to 1°C-2°C. The mean 
annual rainfall is about 850 mmi and more than 85% of the total down pour is 
normalK' delivered durinc' the s^ a^n of three m.onths from July to September while 
remaining commonly occurs in winter which is useful for 'VaA//winter" crops. Soils 
found in Aligarh are sandy, clayey, sandy loam and clayey loam. However, the soil 
used for the present study was sandy loam. 
3.3 Pot Preparation and Seed Treatment 
The experiments were conducted in the earthen pots of 10" diameter placed in 
the net house of the Department of Botany, AMU-Aligarh. Soil was thoroughly 
mixed with fannyard manure in the ratio of 3:1 so as to maintain the organic matter 
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and the soil samples were collected randomly from different pots before the start of 
each experiment. The collected samples were mixed to fonn a composite soil sample 
and then analyzed. The NPK fertilizers were calculated on the basis of their 
composition and that one hectare of land contains 2x10*' kg effective soil (Singh, 
1988) and each pot had 5 kg soil. Urea, single super phosphate and muriate of potash 
were used as the sources of nitrogen, phosphorus and potassium, respectively. One 
day before sowing, fertilizers were added to the pots along with the light application 
of ground water so as to avoid seed injury and to provide the moisture necessary for 
germination. Seeds were surface disinfected with 0.01% aqueous solution of 
mercuric chloride followed by repeated washing with double distilled water (DDW) 
and then dried in shade. The seeds were sown at the rate of 10 per pot so as to avoid 
germination failure and after establishment of seedlings, thinning was done retaining 
only one plant per pot. Weeding was done whenever necessary. 
3.4 Experimental Scheme 
The treatments in each experiment were arranged in completely randomized 
block design (Table 3.1). Each treatm^ent v.'as replicated tbj-ee times and 26 pots were 
maintained for each treatment. It may be pointed out that the city wastewater includes 
the municipal wastewater and sewage water mixed with wastewater from local 
industries of lock and electroplating as well. The three water treatments were ground 
water (GW), 100% wastewater (100%WW) and 50% wastewater (50%WW). The 
last one was obtained after dilution of 100%WW with GW in 1:1 ratio. Respective 
water treatment was started after the seedling emergence and each pot was given 300 
ml of water on the alternate days uniformly up to the maturity of the crop. Six pots 
were randomly selected to study growth and physiological parameters separately at 
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each sampling and in all three samplings were undertaken at tillering, heading and 
milky grain stages. Remaining pots were used at the harvest for the study of yield and 
its parameters. 
3.4.1 Experiment I (Wastewater and Nitrogenous Fertilizer) 
It was conducted during the winter season of 2006-2007. The aim of this 
experiment was to assess the comparative effect of wastewater and ground water in 
presence of nitrogen. For this purpose three levels of water were taken, together with 
four levels of nitrogen according to the scheme of treatments (Table 3.1) to study the 
performance of wheat. A uniform basal starter dose of 40 kg P ha"' and 30 kg K ha"' 
was also applied on the bases of earlier findings to maintain the fertility of soil. 
3.4.2 Experiment II (Wastewater and Phosphatic Fertilizer) 
This experiment was conducted simultaneously with Experiment I. Here, 
water treatments were the same as in Experiment I but applied with four levels of 
phosphorus according to the scheme given in Table 3.1. A uniform basal starter dose 
of N @ 40 kg ha"' and K @ 30 kg ha'' was also applied on the bases of earlier 
findings to maintain the fertility of soil. 
In both the experim_ents, sam.pling was done at three growth stages. During 
harvesting, the plants were uprooted carefully and dried in shade and threshed 
manually. Sowing was done on 2"'' of November 2006 and harvesting on 5"' April 
2007 in Experiment 1 while in Experiment II seeds were sown on 5"^  of November 
2006 and the crop was harvested on 9"" April 2007. 
3.4.3 Experiment III (Wastewater and Potassic Fertilizer) 
This experiment was conducted during the winter season of 2007-2008 under 
the same three levels of water i.e. GW, 50%WW and 100%WW on the same crop and 
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variety, grown under different levels of potassium according to the scheme of 
treatments given in Table 3.1. Crop was supplied with uniform basal dose of 80 kg N 
ha' and 40 kg P ha" on the basis of the findings of Experiment I and II, respectively. 
Seeds were sown on 3"^  of November 2007 and the crop was harvested on 6'^  April 
2008. 
3.4.4 Experiment IV (Wastewaier and NPK Fertilizers) 
This experiment was conducted in winter season of 2008-2009 and was based 
on the observations of the earlier three experiments. The aim of this experiment was 
to assess and confirm the effect of the optimum doses of NPK obtained in Experiment 
I-III. In this pot trial, crop was supplied with only two water treatments i.e. GW and 
100%WW as latter proved better than 50%WW in earlier experiments. The scheme 
of this experiment is also given in Table 3.1. The crop was sown on 5' November 
2008 and harvested on 8* April 2009. The agricultural practices including sowing, 
thinning and weeding were the same as in the earlier experiments. 
3.5 Statistical Analysis of the Collected Data 
The data obtained was analyzed statistically taking into consideration the 
variables in each experim.ent according to Panse and Sukhatme, 1985. The 'F ' test 
was applied to assess the significance of data at 5% level of probability (P<0.05). The 
model of analysis of variance (ANOVA) is given in Table 3.2. Critical difference 
(CD) was calculated to compare the mean values of various treatments. Correlation 
coefficient values (r) of seed yield and some physiological and yield attributing 
characters while linear regression of leaf area and photosynthetic rate; total 
carbohydrate content and photosynthetic rate was also under taken. 
Table 3.1 Scheme of the treatments for Experiment I-IV. 
(Complete randomised block design) 
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Exjieriment -I 
TYeatments 
No 
N40 
N80 
XT 
1N120 
GW 
+ 
++ 
++ 
++ 
A uniform basal dose of 40 kg 
Experiment -II 
Treatments 
Po 
P20 
P40 
Peo 
GW 
+ 
++ 
++ 
++ 
Irrigation water 
50%WW 
+ 
++ 
++ 
++ 
100% WW 
+ 
++ 
++ 
++ 
P and 30 kg K ha"' was applied one day 
Irrigation water 
50%WW 
+ 
++ 
++ 
++ 
100% WW 
+ 
++ 
++ 
++ 
Remarks 
(kgNha- ' ) 
No fertilizer 
40 
80 
120 
before sowing. 
Remarks 
(kgPha- ' ) 
No fertilizer 
20 
40 
60 
A uniform basal dose of 40 kg N and 30 kg K ha' was applied one day before sowing. 
Experiment -III 
Treatments Irrigation water Remarks 
Ko 
K,5 
K30 
K45 
GW 
+ 
++ 
++ 
++ 
50%WW 
+ 
++ 
++ 
++ 
100%WW 
+ 
++ 
++ 
++ 
( k g K h a ^ ) 
No fertilizer 
15 
30 
45 
A uniform basal dose of 80 kg N and 40 kg P ha" was applied one day before sowing. 
Experiment -IV 
Treatments Irrigation Water 
NoPoKo 
N80P40K30 
N80P40K45 
N80P60K.30 
N80P60K45 
N120P40K30 
N120P40K45 
N120P60K30 
N120P60K45 
GW 
+ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
100% WW 
+ 
++ 
++ 
+-f 
++ 
++ 
++ 
++ 
++ 
(kg NPK ha *) 
No fertilizer 
(80, 40, 30) 
(80,40,45) 
(80, 60, 30) 
(80, 60, 45) 
(120,40,30) 
(120,40,45) 
(120,60,30) 
(120,60,45) 
Note: The NPK doses for pots were calculated on the basis of their composition and that one hectare of 
land contains 2x10*' k" effective soil. 
Table 3.2 Model of analysis of variance (ANOVA) of Experiment I to IV 
(Complete randomised block design) 
Experiment I 
Source oj variation 
Replication 
Water 
Nitrogen 
Interaction 
firror 
T „ t „ l 1 u i a i 
df 
2 
2 
3 
6 
22 
SS MSS F. value Sig. 
Experiment II 
Source of variation df 
Replication 
Water 
Phosphorus 
Interaction 
Error 
Total 
2 
2 
3 
6 
22 
35 
SS MSS F. value Sig. 
Experiment III 
Source of variation df SS MSS F. value Sig. 
Replication 
Water 
Potassium 
Interaction 
Error 
Total 
2 
2 
3 
6 
22 
35 
Experiment IV 
Source of variation 
Replication 
Water 
Fertilizer 
Interaction 
Error 
Total 
df 
8 
8 
34 
53 
SS MSS F. value Sig. 
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3.6 Water wSampling and Analysis 
Wastewater (WW) was collected in 50 litre jerry canes for watering the pots, 
as and when required from the drain running along the Aligarh Mathura road, 6 km 
away from the department (Fig. 3.1 and 3,2). For water analysis, it was collected in 
sample bottles twice i.e. at the start and at the end of each experiment. Sample bottles 
were carefully cleaned before use with cbjom.ic acid cleaning m.ixture. Then the 
bottles were rinsed thoroughly with distilled water. 4 litres of wastewater sample was 
taken for analysis. Prior to filling, the bottles were again rinsed with city wastewater 
to be collected. Tap water was used as GW as it is directly pumped out and stored in 
syntax water tanks. The two waters were analyzed for various physicochemical 
characteristics (Table 3.3). Procedures listed in standard methods (APHA, 1998) 
were followed for analysis or as specified. 
Colour 
Colour in wastewater may be due to the presence of fine particles in 
suspension or due to some mineral matter in solution. It was light black, 
/o J — 
It results because of the m.icroorganisms and certain gases generally present in 
wastewater. It was slightly unpleasant. 
Hydrogen Ion Concentration (pH) 
It was determined with the help of pH meter. The pH meter was adjusted 
before use with standard buffer of known pH. 
Electrical Conductivity (EC) 
It was directly read with the help of conductivity meter by putting the sample 
in a beaker. The apparatus was adjusted to 25°C of the solution. 
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Figure 3.1 Drain showing the pumping of wastewater at the local farmer's field on 
the outskirts of Aligarh city from where the wastewater was collected. 
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Figure 3.2 Local farmer's field on the outskirts of Aligarh city where wheat was also 
grown besides other crops under wastewater irrigation. 
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Table 3.3 Physicochemical characteristics of ground water (GW) and 100% 
wastewater (100%WW), All determinations in mg 1"' or as specified. 
PH 
EC (f-i mhos cnf ) 
IS 
TDS 
ISS 
BOD 
COD 
NO3-N 
NH4-N 
PO4 
K 
Ca 
Mg 
CI 
CO3 
HCO3 
SO4 
Na 
pH 
EC (i^ mhos cm'') 
TS 
TDS 
TSS 
BOD 
COD 
NOrN 
NH4-N 
PO4 
K 
Ca 
Mg 
CI 
CO3 
HCO3 
SO4 
Na 
Expcrimei 
GW 
7.2 
700 
955 
560 
395 
16.20 
62.34 
0.89 
0.17 
0.38 
3.35 
19.24 
27.21 
55.42 
52.13 
84.27 
35,8 
14.60 
GW 
7.4 
682 
925 
540 
385 
17.40 
55.22 
0.74 
0.00 
0.24 
4.24 
22.52 
22.12 
48.64 
49.48 
59.56 
35.28 
16.37 
tit 1 & II 
WW 
8.1 
1350 
1750 
! 060 
690 
95.22 
145.23 
2.74 
4.12 
1.26 
16.24 
42.24 
116.72 
112.42 
132.59 
94.22 
78.42 
52.35 
W W 
7.9 
1331 
1620 
1080 
540 
122.42 
152.44 
3.15 
5.24 
1.13 
19.25 
59.48 
138.56 
122.42 
138.44 
89.24 
82.18 
49.26 
Experiment III 
Sampli 
GW 
6.9 
706 
970 
6! 0 
360 
15.90 
65.40 
0.94 
0.12 
0.36 
4.94 
15.42 
28.24 
48.71 
53.45 
104.23 
29.68 
49.52 
Samplin 
GW 
7.6 
715 
890 
560 
330 
18.22 
68.44 
0.90 
0.09 
0.17 
5.42 
26.53 
22.48 
52.42 
69.25 
82.48 
42.58 
21.26 
n g l 
W W 
8.0 
1328 
1740 
1045 
695 
104.57 
148.25 
3.95 
4.69 
1.28 
21.44 
51.36 
148.57 
132.41 
148.74 
79.48 
87.59 
44.61 
g l l 
W W 
7.8 
1303 
1945 
1325 
620 
121.52 
162.74 
3.42 
3.74 
1.42 
18.24 
59.84 
137.59 
143.84 
136.25 
92.58 
98.45 
61.24 
Exjjerinient IV 
GW 
7.3 
696 
1020 
630 
390 
21.44 
68.48 
0.83 
0.18 
0.42 
3.42 
22.45 
32.41 
48.75 
54.28 
99.85 
34.58 
22.45 
GW 
7.1 
701 
992 
580 
412 
19.48 
52.36 
0.85 
0.19 
0.62 
5.24 
16.24 
18.29 
34.58 
42.15 
82.31 
44.42 
21.42 
W W 
7.7 
1301 
1990 
1424 
576 
109.13 
159.42 
3.65 
4.84 
1.59 
18.44 
62.12 
142.44 
127.62 
114.85 
84.29 
92.56 
62.48 
W W 
7.9 
1352 
2100 
1520 
580 
128.42 
162.35 
3.24 
4.92 
1.24 
23.42 
55.24 
124.53 
128.46 
134.17 
79.25 
121.42 
29.74 
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Tnfal Dissolved Solids (TDS) 
100 ml filtered sample was taken in an evaporating dish and allowed to 
evaporate on water bath. 
A-BxlOOO 
,s(f) V 
where. A - Final vv eight of dish (g) 
B = Initial weight of dish (g) 
V = Volume of the sample (ml) 
Tolal Solids (TS) 
In evaporating dish, 100 ml unfiltered sample was taken and then allowed to 
evaporate on water bath. 
Total solids (f) A-BxIOOO V 
where, A = Final weight of dish (g) 
B = Initial weight of dish (g) 
V = Volume of the sample (ml) 
Total Suspended Solid (TSS) 
These were determined by calculating the difference between the total solids 
and total dissolved solids. 
TSS (y) = TS - TDS 
Dissolved Oxygen (DO) and Biological Oxygen Demand (BOD) 
Different volumes of the samples were placed in BOD bottles (250 ml) to get 
several dilutions of the samples to obtain the required depletions ranging between 0.1 
and 1.0%. These bottles w^ ere filled with DDW, stoppered and one set of bottles was 
incubated for 5 days in an incubator maintained at 20°C and in other set, dissolved 
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oxygen (DO) wtis determined immediately by adding 2 ml manganous sulphate 
solution (Appendix) followed by 2 ml alkali iodide azide reagent (Appendix) by 
means of graduated pipette by dipping its end below the surface of the liquid. The 
BOD bottles were stoppered and mixed well by inverting. The bottles were then 
allowed to stand till the precipitate settled halfway, leaving clear supernatant above 
tlie manganese hydroxide flakes. The stopper was removed and 2 ml H2SO4 was 
immediately added. Each bottle was re-stoppered and the contents were mixed by 
gentle inversion until dissolution was complete. 200 ml sample was taken in 500 ml 
conical flask, and then 2 ml starch indicator (Appendix) was added and titrated 
against 0.025N sodium thiosulphate solution (Appendix) till the disappearance of blue 
colour. The reading of sodium thiosulphate used up was indicative of DO of the 
sample in mg r ' . BOD was calculated using following relationship 
BOD ( ^ ) = ^ 
where, Dl and D2 are the DO of the diluted samples, 15 minutes after the 
preparation of the sample and after 5 days of incubation respectively and P is the 
decimal fraction of the sample used. 
Chemical Oxygen Demand (COD) 
Mercuric sulphate (0.4g) was placed in a refluxing flask and 20 ml sample was 
added. Both were mixed well and 10 ml 0.25N potassium dichromate solution 
(Appendix) was added followed by 30 ml sulphuric acid and small amount of silver 
sulphate. A blank was run using distilled water. These were subjected to reflux for 
two hours, cooled and then diluted to 100 ml DDW. The contents were then titrated 
against O.IN ferrous ammonium sulphate solution (Appendix). 
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COD ('.M] ~ A - B X N X 8000 
^ ' ^ ml sample 
where, A = ferrous ammonium sulphate used for blank titration (ml) 
B = ferrous ammonium sulphate used for sample titration (ml) 
N = Normality of ferrous ammonium sulphate solution 
('uiciuin 
In a conical flask, 50ml of sample was taken and neutralized with acid. It was 
boiled for 1 minute and then cooled. 2 ml IN sodium hydroxide solution (Appendix) 
was added to maintain pH at 12-13. After the addition of 1-2 drops of ammonium 
purpurate indicator (Appendix), it was titrated slowly with 0.01 M EDTA (Appendix) 
and calculated as follows. 
frng\ ^ Ax 8x400.8 
^ ' ^ ml sample 
where, A = titration for sample (ml) 
B = CaCOa equivalent to 1.0 ml EDTA titrant at the calcium 
indicator end point (mg) 
Total Hardness 
In a conical flask, 50 ml of water sample was taken and 1 ml ammonium 
chloride - ammonium hydroxide buffer (Appendix) solution was added. After the 
addition of 100 mg Eriochrome black-T indicator (Appendix), it was titrated against 
0.01 MEDEA solution. 
Total hardness as -f^  CaCO (T) c»' J3 ml of EDTA used X 1000 ml sample 
Magnesium 
It was estimated from EDTA and hardness titration (taken from total hardness 
estimation). 
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Mg ( ^ ) = Total Iminess CaCO? ( ^ ) - Calcium liaixinesB x 0.244 (as mg CaCCy"') f ^ ) 
Poiassium 
The estimation of potassium was carried out directly with flame photometer at 
768 nm using appropriate filter and a standard curve by taking known concentrations 
of potassium. A stock solution of 1000 ppm of K was prepared by dissolving 1.908 g 
KCl in DDW. From the stock solution aliquots were diluted in 50 ml volumetric flask 
with ammonium acetate solution to give 10 to 40 ppm of K. These were read with the 
help of flame photometer after setting zero for blank al 100 for 40 ppm of K. The 
curve was obtained by plotting the readings against the different concentrations (10, 
15, 20, 25, 30, 35, and 40 ppm) of K. 
Sodium 
Sodium was also estimated with flame photometer at 589nm using specified 
filter and standard curve by taking known concentrations of sodium salt. For standard 
curve, 5.845 g sodium chloride was dissolved in DDW and volume maintained at 1 
litre. This gave 100 meq 1"' of Na. From this stock solution dilutions containing 5, 
10, 15, 20, 25, 30, 35, 40, 45, and 50 meq Na 1'' v/ere prepared. Plotting the flame 
photometer readings on Y-axis against concentrations of sodium on X-axis, a cur/e 
was drawn. The concentration of sodium in the unknown sample was read from the 
curve. 
Carbonate and Bicarbonate 
Estimation was done following the method of Richards, 1954. 50 ml water 
sample was taken in a clear flask. To this 5 drops of phenolphthalein indicator 
(Appendix) were added. The appearance of pink colour indicated the presence of 
carbonate, then it was titrated against 0.0IN sulphuric acid (Appendix) till the 
52 
solution turned colourless. To the above solution, 2 drops of methyl orange indicator 
(Appendix) were added. It was again titrated against 0.0IN H2SO4 till the colour 
changed from yellow to rose red. This indicated the bicarbonate presence. 
1000 
carbonate ( "~r~ ) = 2Y x nonnality of H2SO4 
ml aliquot 
2 Y x 2 
1000 bicarbonate (^) = (Z - 2Y) x normality of H2SO4 X 
ml aliquot 
where. Y = reading of burette for titration of carbonate 
Z = reading of burette for titration of bicarbonate 
Chloride 
50 ml sample was taken in a flask and 2 ml potassium chromate indicator 
(Appendix) was added. It was titrated against 0.02N silver nitrate solution 
(Appendix). 
^, , -1 /'rng\ (mlXNof AgNO,)x 1000x35.5 Chloride ( -7- I = 
^ ' ^ ml sample 
Phosphate 
To 100 ml sample containing not more than 0.2 mg phosphorus and free from 
colour and turbidity 0.05 ml phenolphthalein indicator (Appendix) was added. 
Sample turned pink. Strong sulphuric acid solution (Appendix) was added drop wise 
to discharge the colour. Smaller sample was taken and diluted to 1000 ml with DDW. 
After discharge of the pink colour with acid, 4 ml of 2.5% ammonium molybedate 
reagent (Appendix) was added. After 10 minutes the colour was measured with the 
help of spectrophotometer at 690 nm and comparison with the calibration curve was 
made using DDW blank. 
^ ^^ ^ , ^ mg P X 1000 (T) m! sample 
Nitrate Nitrogen 
First nitrate standard was prepared in the range of 0.! to 1.0 mg T' N by 
diluting 1. 2. 4, 7 and 10 ml standard nitrate solution to 10 ml with DDW. Residual 
chlorine in the sample was removed by cidding 1 drop sodium arsenite solution for 
each 0.1 mg CI and mixed. One drop was added in excess to 50 ml portion. For 
colour development, number of reaction tubes were set in wire rack. To each tube 10 
ml sample was added. The rack was placed in cool water bath and 2 ml NaCl solution 
was added and mixed well. Then 10 ml H2SO4 was added and cooled. 0.5 ml 
sulphanilic acid solution (Appendix) was added and the tubes swirled to mix and then 
placed in water bath at not less than 95''C. After 20 minutes, it was taken out and 
cooled in a water bath. Reading was taken against a reagent blank at 410 nm. 
Standard curve was prepared from the absorbance values of the standard rvm together 
with the samples and correlated by subtracting their blank sample, values from their 
final absorbance values. The concentration of NO3-N was read directly from the 
standard curve. 
Ammonia Nitrogen 
For the estimation of ammonia nitrogen first preliminary distillation was 
performed. 500 ml ammonia free water was added to 20 ml borate buffer and the pH 
was adjusted to 9.5 with 6N sodium hydroxide solution (Appendix). A few glass 
beads were added and the mixture was used to steam out the distillation apparatus 
until the distillate showed no trace of ammonia. For ammonia nitrogen content of less 
than 100 |.ig T' . volume of 4 litre was used. Residual chlorine was removed in the 
sample by adding dechlorinating agent, 25 ml borate buffer was added and the pH 
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was adjusted to 9.5 with 6N NaOH, using pH meter. Distillation of sample was done. 
['he steaming out flask was disconnected and the sample was immediately transferred 
to the distillation apparatus. It was distilled at the rate of 6 to 10 ml minute"' with the 
help of delivery tube submerged. The distillate was collected in 500 ml flask, 
containing 50 ml boric acid solution. At least, 300 ml distillate was collected. It was 
diluted to 500 ml with ammonia free water. iOO mi sample was taken m 500 ml 
Kjeldhal flask with ammonia free distilled water and diluted to 250 ml. Again it was 
distilled as before with few pieces of paraffin added to the distillation flask and 100 
ml distillate was collected. Ammonia in the distillate was titrated against standard 
0.02N H2SO4 (Appendix) titrant until the indicator turned to pale lavender. A blank 
was run through all the steps of the procedure. 
. ^,fmg\ A-Bx280 
Ammonia N I —- 1 = - — — 
^ ' ^ ml of sample 
where, A = H2SO4 titration for sample (ml) 
B = H2SO4 titration for blank (ml) 
Sulphate 
In a conical flask 100 ml sample was taken and 5 ml conditioning reagent 
(Appendix) was mixed. The contents of the flask were stirred for one minute on 
magnetic stirrer and small amount of barium chloride was added during stirring. It 
was read at 420 nm with the help of spectrophotometer. Standard sulphate solution 
was prepared by dissolving 0.1479 g sodium sulphate in DDW, making the volume 
1 litre. From this 0-40 mg f' dilutions were prepared at the interval of 5 mg f'. A 
standard curve was prepared by plotting the reading for each duration using 
spectrophotometer. 
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3.7 Estimation of Heavy Metals in Wastewater and Soil 
Since in Aligarh the most dominant industries are those of lock and 
electrophiting. and the waste is mostly discharged in the common drain of city 
wastewater, therefore it was decided to estimate Cd, Ni, Cr, and Pb. But due to the 
limitation of the facilities the analysis of the plant tissues could not be carried out, 
however, the water and soil samples were analyzed by sending the samples to Indian 
Institute of Technology, Roorkee (Table 3.4). The samples (350 ml) were digested 
with sulphuric acid and its volume was reduced to 70 ml and then filtered. The 
filterate was analyzed for the above mentioned heavy metals using Atomic 
Absorption Spectrophotometer. 
Table 3.4 Heavy metal analysis of soil and water during four experiments. 
Heavy metals 
Cd 
Cr 
Ni 
Pb 
Experiment I & II 
Soil 
(rig g"') 
0.22 
0.054 
0.81 
0.74 
Wastewater 
(mg r') 
0.006 
0.004 
0.343 
0.031 
Experiment III 
Soil 
(^ ig g ' ) 
0.18 
0.043 
0.72 
0.69 
Wastewater 
(mg r') 
0.007 
0.007 
0.472 
0.029 
Experiment IV 
Soil 
(Mg g ' ) 
0.24 
0.058 
0.84 
0.83 
Wastewater 
(mg 1"') 
0.008 
0.006 
0.498 
0.039 
3.8 Microbiological Examination of Wastewater 
The wastewater used for crop irrigation was assessed (Table 3.5) as per the 
quality guidelines of WHO (1989) and FAO (1994). The parameters like total 
bacterial viable count, coliforms, faecal coliforms and presence of Shigella and 
Salmonella were analyzed using standard most possible number (MPN) and/or plate 
count methods as described by APHA (1998) and Cappuccino and Sherman. 1992. 
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Ihese observations were made in Microbiology Laboratory, Department of 
y\gricultural Microbiology, AMU-Aligarh. 
Must Probahle Number (MPN) 
It is used to determine the mean concentration of coliform bacteria present in 
wastewater. For its estimation, samples were collected in sterile bottles, and diluted 
to 100 fold or as required in NSS. Then 3 series of MacConkey's broth tubes were 
made, first row with 5 tubes containing 10 ml double strength MacConkey's broth, 
second and third row with 5 tubes each containing single strength broth. Each tube 
should have one Durham's tube. Now 3 series were made for EC broth each row 
containing 5 tubes, each containing 5 ml of EC broth. Now 10 ml of diluted sample 
was inoculated in the first two tubes, 1 ml in second row tubes and 0.1 ml in third row 
tubes of MacConkey's broth. All the tubes were then incubated for 48 hrs at SyC, 
then MacConkey's tubes were observed for gas production and total number of tubes 
for production was counted then EC broth tube was inoculated with 0.1 ml from 
positive tube of MacConkey was inoculated showing gas production. Then these 
tubes vvere incubated at 44.2°C in shaker incubation for 24 hours and the number of 
tubes for gas production Vv'as counted. 
Plate Count Piethod 
It is used to estimate the number of heterotrophic bacteria in water. Single 
colony is supposed to arise from single cell. However, it may arise from more than 
one cell. Therefore, instead of cell number, the term "Colony Forming Units" (CPU) 
are used to indicate bacterial viable count. 10 ml wastewater was mixed with 90 ml 
sterie normal saline solution. From this 1ml was taken and serially diluted in 9 ml of 
sterie NSS. 0.1 ml sample was taken from the serially diluted tubes and spread on the 
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above mentioned media, these plates were the incubated for 24-48 hours at 37'^ C 
(Cappuccino and Sherman. 1992). 
The colonies were counted as CFU (colony forming unit) ml"' 
^^ r-Ti 1-1 c . Number of Colonies t^ FU ml of water = 
Dilution factor 
Table 3.5 Microbiological analysis of wastewater during four experiments. 
Bacteria 
Total 
heterotrophic 
bacteria 
Coliforms 
Faecal coliforms 
Salmonella-
Shigella sp. 
Method used 
Spread Plate 
method 
MPN method 
MPN method 
Spread plate 
method 
Experiment I «& II 
(CFU 100 ml"') 
2.29x10^ 
2.3x10' 
9.9x10-
1.0x10-
Bacterial count 
Experiment III 
(CFU 100 ml"') 
28.3x10*' 
1.9x10' 
7.2x10^ 
1.3x10^ 
Experiment IV 
(CFU 100 ml"') 
19.2x10^ 
18.3x10^ 
9.2x10^ 
1.8x10^ 
MPN = Most Probable Number; CFU = Colony Forming Unit 
The above level of bacterial contamination is lower with the microbiology 
quality guideline of WHO (1989). Presence of Salmonella and Shigella like 
organisms on specific medium indicated the presence and survival of potentially 
pathogenic bacteria. Although no guideline is available for such bacteria for 
irrigation purpose. 
3.9 Soil Analysis 
Before sowing soil samples were taken in small quantity randomly from each 
pot mixed well and grounded with the help of mortar and pestle and passed through a 
2nim sieve and then analyzed for various physicochemical characteristics (Table 3.6). 
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Table 3.6 Physicochemical characteristics of soil collected before sowing. All 
determinations in mg f' in 1;5 (soil-water extract) or as specified. 
Determinations 
Texture 
CEC(meq lOOg' soil) 
pH 
Organic carbon (%) 
EC {[I mhos cm^) 
NOr-N (g kg"' soil) 
Phosphorus (g kg"' soil) 
Potassium 
Calcium 
Magnesium 
Chloride 
Carbonate 
Bicarbonate 
Sodium 
Sulphate 
1 
< 
2.21 
7.4 
0.419 
242.00 
0.352 
0.115 
9.4 
25.37 
16.49 
28.79 
20.33 
105.46 
14.11 
17.32 
Experiments 
11 
^ Sandy 
3.42 
7.6 
0.350 
282.00 
0.307 
0.109 
10.2 
27.14 
17.38 
30.52 
26.25 
92.43 
13.98 
17.01 
Loam 
III 
< 
3.76 
7.8 
0.506 
292.00 
0.298 
0.132 
12.4 
31.21 
21.96 
29.47 
19.34 
88.45 
13.32 
16.92 
IV 
> 
2.08 
7.9 
0.639 
306.00 
0.330 
0.104 
8.2 
33.42 
16.85 
31.11 
32.73 
115.32 
14.73 
17.27 
Cation Exchange Capacity (CEC) 
CEC of soil was determined by the method of Ganguly, 1951. To 10 g soil, 
0.2N HCl (Appendix) was added. It was shaken for 30 minutes, filtered and washed 
with DDW, till it became free from chloride ions, which was checked with AgN03. 
The residue was transferred from the filter paper to a beaker and suspension of known 
concentration was prepared. It was then treated with 10 ml of standard KCl solution, 
shaken for 30 minutes and left overnight. Then it was titrated with O.IN NaOH 
(Appendix), using phenolphthalein indicator (Appendix). From the amount of NaOH 
required, the CEC of samples was calculated as follows. 
r^r-r^ f meq \ VoluiTie of 0.1N NaOH x N of NaOH 
l O O ^ ; Weight of the sample 
59 
Organic Carbon 
It was estimated by the method of Walkley and Black, 1934. 2 g sample was 
taken in a 500 ml conical tlask. To this 10 ml of IN potassium dichromate solution 
(Appendix) and 20 ml concentrated sulphuric acid were added. After shaking for 
about 2 minutes, it was kept on an asbestos mat for 30 minutes. 200 ml DDW, 10 ml 
phosphoric acid (85%) and 1 mi of diphenyl amine indicator (Appendix) were added. 
Deep violet colour appeared which was titrated with 0.5N ferrous ammonium sulphate 
solution (Appendix) till the colour changed to purple and finally green. 
Simultaneously a blank was run without sample. 
0/ ^ r^  • /^  u Blank titre - Actual titre _ „ _, . _. , . % of Organic Carbon = x0.003xl00xN 
Weight of sample 
where, N = normality of ferrous ammonium sulphate 
Nitrate Nitrogen 
It was estimated according to the method of Ghosh et al., 1983. 20 g soil was 
shaken continuously with 50 ml DDW for 1 hour in a 100 ml conical flask fitted with 
rubber stopper. A pinch of CaS04 was added and shaken. Then the contents were 
filtered through a Whatman fitter paper No 1. 20 ml clear filterate was transferred to 
50 ml porcelain dish and was evaporated to dryness on steam bath. After cooling 3 
ml phenol disulphonic acid (Appendiji:) was added and allowed to react for 10 
minutes. 15 ml DDW was added and stirred with glass rod until the residue was 
dissolved. After cooling the contents were washed down into 100 ml volumetric 
tlask. to this 1:1 liquid ammonia (Appendix) was added slowly and mixed well, till 
the solution became alkaline which was indicated by the appearance of yellow colour 
due to presence of nitrate. Then another 2 ml ammonia was added and finally the 
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volume was made up to 100 ml with DDW. The intensity of yellow colour was read 
at 410 nm with spectrophotometer. 
For standard curve, stock solution containing 100 ppm nitrate was prepared by 
dissolving 0.722g potassium nitrate in DDW and the volume was made up to 1 litre. 
This was diluted 10 times to give 10 ppm NOj-N solution. Aliquots (2, 5, 10, 15, 20 
and 25 ml) were evaporated on water bath to dryness in small porcelain dishes. After 
cooling, 3 ml phenol disulphonic acid was added and yellow colour was read as 
described above, simultaneously a blank was also run. 
Phosphorus 
To 2.5 g soil sample in 100 ml conical flask, a pinch of Draco G60 was added 
followed by 50 ml of Olsen's reagent (Appendix). The flask was shaken for about 30 
minutes on a shaker and then the contents were filtered through a Whatman filter 
paper No 1. In the filtrate phosphorus was estimated through spectrophotometer by 
Dickman and Bray's (1940) method. 
5 ml soil extract was pipetted into a 25 ml volumetric flask and 5 ml Dickman 
and Bray's reagent (Appendix) was poured drop by drop with constant shaking till 
effervescence due to CO2 evolution ceased. The inner wall of the flask neck was 
washed with DDW and the contents diluted to about 22 ml. Then 1 ml stannous 
chloride solution (Appendix) was added and the volume was made up to the mark. 
The intensity of blue colour was read at 660 nm on spectrophotometer. For the 
standard curve 0.439 g potassium dihydrogen orthophosphate (KH2PO4) was 
dissolved in half litre of DDW. To this 25 ml 7 N sulphuric acid (Appendix) was 
added and volume was maintained up to 1 litre with DDW, giving 100 ppm stock 
solution of phosphorus. From this, 2 ppm solution was made after 50 times dilution. 
61 
I'or the preparation of standard curve, different concentrations of P (1, 2, 3, 4, 5 and 
10 ml of 2 ppm phosphorus solution) were taken in 25 ml volumetric flasks. To these, 
5 ml of extracting reagent (Olsen's reagent) was added. The colour was developed by 
adding Dickman and Bray's reagent and stannous chloride and read at 660 nm. A 
blank was run without the sample. The curve was plotted and the amount of P was 
cakuialeu from the curve. 
Potassium 
5g soil was shaken with 25 ml IN ammonium acetate (Appendix) for 5 
minutes and was filtered immediately through a Whatman filter paper No 1. Stock 
solution of 1000 ppm of K was prepared by dissolving 1.908g KCl in 1 litre DDW. 
From the stock solution aliquots were diluted in 50 ml volumetric flask with 
ammonium acetate solution to give 10 to 40 ppm of K. These were read with the help 
of flame photometer after setting zero for the blank at 100 for 40 ppm of K. The 
curve was obtained by plotting the readings against the different concentrations (10, 
15, 20, 25, 30, 35, and 40 ppm) of K. 
Preparation of Soil Extract for Calcium, Magnesium, Chloride, Carbonate, 
Bicarbonate, Sulphate and Sodium 
100 g sample transferred to 750 ml flask, to which 500 ml DDW was added 
and the flask was shaken for about 1 hour. The contents were filtered through 
Buchner fuimel and were estimated following the procedures as described in the 
earlier section of water analysis. 
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3.10 Biometric Observations 
For investigating the comparative effect of wastewater, ground water and 
fertilizers on wheat, observations were carried out at tillering, heading and milky 
grain stages of the crop. 
3.11 Growth Characteristics 
Leaf iVumbci plam" , liiier number plant' , leaf area (cm" plant'), plant fresh 
mass (g plant"'), plant dry mass (g plant'') were the growth characteristics observed at 
three stages. 
To assess dry mass, five plants from each treatment, already evaluated for 
various growth parameters were dried for about 72 hours in hot air oven maintained at 
80°C and then weighed. Leaf area was measured by using leaf area meter (LA 211, 
Systronics, India) 
3.12 Physiological Parameters 
Following parameters were also studied at three stages of growth. 
Net Photosynthetic Rate, Stomatal Conductance and Water Use Efficiency 
The above mentioned pliotosynthetic characteristics were measured in upper 
fully expanded leaves of intact plants using portable photosynthesis system LI-6400 
(Ll-COR, Lincoln, Nebraska, USA). The measurements were made on cloudless 
clear days between 11:00 and 13:00 solar time. 
Nitrate Reductase Activity (NR Activity) 
The activity of NR (E.C. 1.6.1.1) was determined in fresh leaf samples by the 
procedure explained by Jaworski, 1971. Random samples of leaves from each plant 
were taken and cut into small pieces. 200 mg fresh pieces were weighed and placed 
in polythene vials. To each 2.5 ml phosphate buffer (O.IM) pH 7.5 (Appendix) and 
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0.5 ml potassium nitrate 0.2M solution (Appendix) was added followed by addition of 
2.5 ml 5% isopropanol (Appendix). Lastly two drops of chloramphenicol solution 
were added to avoid bacterial growth in the medium. The vials were incubated for 2 
hours in the dark at SO^C. 0.4 ml incubated mixture was taken in a test tube to which 
0.3 ml of 1% sulphanilamide (Appendix) and 0.02% A^-1-naphthylethylene diamine 
dih}droch!oridc (Appendix) were added. The solution was left for 20 niinules for 
maximum colour development. It was diluted to 5 ml with DDW and optical density 
was read at 540 nm using spectrophotometer. A blank consisting of 0.4 ml DDW and 
0.3 ml each of sulphanilamide and NED-HCl, was used simultaneously for 
comparison. Standard curve was plotted by taking known graded dilutions of sodium 
nitrate from a standard aqueous solution of this salt. The optical density of the sample 
was compared with the calibrated curve and NR activity was expressed as nmol NO2 
g' (leaf fresh mass) h' . 
Carbonic Anhydrase Activity (CA Activity) 
The activity of CA (E.C. 4.2.1.1) was estimated by following the procedure 
explained by Dwivedi and Randhava, 1974. The fresh leaf samples were cut out into 
small nieces at a temperature below 25°C. 200 mg of these leaf pieces vv'ere weighed 
and cut further into smaller pieces in 10 ml of 0.2M cystein hydrochloride (Appendix) 
and left for 20 minutes at 4°C. The leaf pieces were taken out of the petriplates and 
adhering solution was soaked with the help of blotting paper. These desired samples 
were then transferred to a test tube containing 4 ml phosphate buffer of pH 6.8 
(Appendix). To this test tube 4 ml of 0.2M sodium bicarbonate in 0.2N NaOH and 
0.2 ml of bromothymol blue (0.002%) indicator (Appendix) were added. Test tubes 
were shaken gently and left for 20 minutes at 4°C. CO2 liberated by the
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action of carbonic anhydrase on NaFIC03 was estimated by titrating the reacting 
mixture against 0.01 N hydrociiloric acid (Appendix) using methyl red (Appendix) as 
an indicator. The control reaction mixture was also titrated against 0.0IN HCl. In 
each case the quantity of HCl used to neutralize was noted and difference was 
calculated. The activity of enzyme was calculated by putting the values in the 
1 w i i m ^ i t t . 
[mol (CO2) kg"' (leaf fresh mass) s''] 
W 
where, V = difference in volume of HCl in control and the sample 
22 = Equivalent weight of CO2 
N = Normality of HCl 
W = Weight of tissue used 
Chlorophyll Estimation 
Chlorophyll was estimated following the method of McKinney, 1941. Fresh 
leaves (O.lg) were homogenized in a mortar in the presence of sufficient quantity of 
80% acetone. The extract was filtered and supernatant collected in the volumetric 
flask. The process was repeated thrice and each time supernatant was collected in the 
same flask. Finally the volume was made up to 10 ml with 80% acetone. 5 ml 
sample of chlorophyll extract was transferred to a cuvette and absorbance was read at 
645 and 663 nm on spectrophotometer. The following formula was used to calculate 
chlorophyll contents. 
Total Chlorophyll content f — ) = [20.2 (D645) + 8.02(D663)] x Y 
V 5 >* 1000 x W 
where, V = Volume of solution 
W = Weight of tissue used for extraction of pigments 
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3.13 Leaf Analysis 
r3ried leaf samples collected at tillering, heading and milky grain stages were 
used for the estimation of N, P and K contents. The details of estimation procedures 
are as follows. 
Digestion of Leaf Samples 
ij^-,i»u,, 1,^^,,^^ A..,»v, ^ , , ^ ^ A^:^A ^\^^* ..v,„t„„;„i ^^\\„„i^A „+ A;ee——* .—„,,^u i i i ^ a i u j ^ Jn^av^^:^ i i u i i i vjvv.^ii u i n _ u p i a i i i m a n ^ i l a i v^uiitv^LCu ai u i i i t i t i i i . g i u w u i 
Stages were used for N, P and K estimation. The dried leaves were removed and 
powdered with mortar and pestle and passed through a 72 mm mesh sieve. 50 mg of 
this oven dried powder from each replicate was transferred to a 50ml Kjeldhal flask to 
which 2 ml sulphuric acid was added. The contents of the flask were heated on 
temperature controlled assembly for about 2 hours, to allow complete reduction of 
nitrate present in the plant material by organic matter itself. As a result the content of 
the flask turned black. After cooling the flask for about 15 minutes, 0.5 ml 30% H2O2 
was added drop by drop and the solution was heated again till the colour changed 
from black to light yellow. Again after cooling for 30 minutes additional 3-4 drops of 
TAOZ U r\ , , , „ ^ r^AAr^A ^^A +!,„„ r ,^„;», U^„+„J f „ „ „U^,,+ 1 C » „ : „ , ,+^„ +1,^ „ . . ^ « ^ ^ „ , , , „ „ j ( j / o iij'^l vvaa a u u t u a i i u u i t i i a g a i n i i t a i t - u l u i a u u u i u i i i i i i u i t a , u i t p i u u t a a w a s 
r(=»np?itF»rl t i l l tV\(=» r^Ant f^ntc n"f t t i p f l a c L ' Kf=»r'Qmf» /^n1nrl(=»cc XVif» r * f * m v i r l p Hirrf=>cff=»rl 
material was then transferred to 50 ml volumetric flask with three washings with 
DDW. The volume of the flask was maintained up to the mark for the estimation of 
N, P and K contents. 
Nitrogen Estimation 
It was estimated according to Lindner, 1944. 10 ml aliquot of peroxide 
digested material was taken in a 50 ml conical flask. To this 2 ml 2.5N NaOH 
(Appendix) and 1 ml 10% sodium silicate solution (Appendix) was added, it was 
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neutralized with excess of acid. Volume was made up to the mttrk with DDW. In a 
! 0 ml graduated test tube, 5 ml of this solution was taken and 0.5 ml Nessler's reagent 
(Appendix) was added. The final volume was made with DDW. The contents of tube 
were allowed to stand for 5 minutes for maximum colour development. The solution 
was transferred to a colorimetric tube and optical density (OD) was read at 525 nm 
with the liclp of specirophoLometer. 
Standard Curve for Nitrogen 
50 mg ammonium sulphate was dissolved in 1 litre DDW. From this solution 
0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0,7, 0.8, 0.9 and 1.0 ml was pipetted to 10 different test 
tubes of 10 ml volume. The solution in each test tube was diluted to 5 ml with DDW 
and after adding 0.5 ml Nessler's reagent volume of each tube was maintained up to 
the mark with DDW. The optical density was read at 525 nm on spectrophotometer. 
A blank was also run with each set of determination. Standard curve was plotted 
using different concentrations of ammonium sulphate solution versus optical density 
(OD) and nitrogen of the sample was determined with the help of this standard curve. 
Phosphorus Estimation 
The m.ethod of Fiske and SubbaRow, 1925 was used to estimate the total 
phosphorus in the digested material. 5ml aliquot was taken in a 10 ml graduated test 
tube and 1 ml molybdic acid reagent (2.5%) (Appendix) was carefully added, 
followed by the addition of 0.4 ml (l-amino-2-naphthol-4-sulphonic acid) 
(Appendix). Addition of this turned the colour of the contents blue. Volume was 
maintained up to 10 ml with DDW. The solution was shaken for 5 minutes for 
maximum colour development and subsequently transferred to a colorimetric tube. 
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rhe optical density was read at 620 nm on spectrophotometer. A blank was also run 
simultaneousiy. 
Standard Curve for Phosphorus 
351 mg monobasic dihydrogen orthophosphate was dissolved in sufficient 
DDW to which 10 ml ION H2SO4 was added and final volume was made up to 1000 
ml with DDW. From this solution 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml 
was taken in ten different graduated test tubes. The solution in each test tube was 
diluted to 5 ml with DDW. In each tube 1 ml molybdic acid reagent and 0.4 ml 1-
amino-2 napthol-4-sulphonic acid was added and the final volume was made up to 10 
ml with DDW in all the test tubes. After 5 minutes, optical density was read at 620 
nm on spectrophotometer. A blank was also run with each set of determination. 
Standard curve was plotted using different dilutions of potassium dihydrogen 
orthophosphate solution versus optical density with the help of standard curve, the 
amount of phosphorus present in the sample was determined. 
Potassium Estimation 
Potassiumi was estimated with the help of flame photometer. 10 ml aliquot 
was taken and it was read by using the filter for potassium. A blank was also run side 
by side with each set of determination. The readings were compared with a 
calibration curve plotted against known dilutions of standard potassium chloride 
solution. 
Standard Curve for Potassium 
1.91 g potassium chloride was dissolved in 100 ml DDW of which 1 ml 
solution was diluted to 1000 ml, from this resulting solution of 10 ppm 1, 2, 3, 4, 5, 6, 
7, 8. 9 and 10 ml solution was transferred to 10 vials separately. The solution in each 
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vial was diluted to 10 ml with DDW. The dilute solutions of each vial were run 
separately. A blank was also run with each set of determination. Standard curve was 
prepared using different dilutions of potassium chloride solution versus reading on the 
scale of galvanometer. The amount of potassium present was determined with the 
help of standard curve. 
3.14 Yield Characteristics 
Plants left after three samplings from each treatment were taken at the time of 
harvest and the yield characteristics like, ear number plant"', ear weight (g plant''), 
length ear"' (cm), spikelet number ear' , grain number ear'', 1000 grain weight (g), 
grain yield (g plant''), straw yield (g plant"'), biological yield (g plant"') were 
observed. 
The total grains threshed out from each dried plant were cleaned and the 
weight was obtained to compute grain yield. The straw yield was obtained by 
substracting the grain yield from the above ground biomass or biological yield which 
was recorded before threshing of plants. 
3.15 Grain Analysis 
The grain of each sample was chemically analyzed for its carbohydrate and 
protein contents. The dry grain samples were grounded to fine powder and passed 
through a 72 mm mesh sieve. The powder was stored in polythene bag with proper 
identification. At the time of analysis, the powdered samples were oven dried. 
Estimation of Total Carbohydrate Content 
Extraction of grain carbohydrate was done according to the method of Yih and 
Clark, 1965 and estimated by the method of Dubois et al., 1956. 
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50 mg of oven dried and finely ground grain powder was taken in a centrifuge 
tube. 5 m! of 1.5N H2SO4 (Appendix) was added and the mixture was heated on a 
water bath for about 2 liours. After cooling, solution was centrifuged at 4,000 rpm for 
10 minutes. The extract was collected in a 25ml volumetric flask. The residue was 
washed twice with DDW. followed by centrifugation and collection of same washings 
in the same flask. The volume of the solution in flask was made up to the mark with 
DDW. One ml of this solution was taken and 1 ml of 5% aqueous phenol solution 
was added followed by addition of 5 ml concentrated H2SO4. The colour turned 
yellow orange. After 30 minutes, the optical density (OD) was measured at 490 nm 
using Bausch and Lomb "Spectronic 20" colorimeter. A blank was run 
simultaneously. The carbohydrate content of each sample was estimated by 
comparing the OD with the calibration curve plotted by taking known dilutions of 
standard solution of a chemically pure glucose. 
Estimation of Total Protein Content 
The method of the Lowry et al., 1951 was followed. 50 mg oven dried seed 
powder was transferred in glass centrifuged tube, to which 5 ml of 5% trichloroacetic 
acid was added. The solution was allowed to stand for 30 miinutes at room 
temperature with thorough shaking for the complete precipitation of the proteins. The 
material was centrifuged at 4,000 rpm for 10 minutes and the supernatant was 
discarded. 5 ml of IN sodium hydroxide (Appendix) was added to the residue and 
mixed well. It was left for 30 minutes on water bath at 80°C so that all the 
precipitated proteins may completely get dissolved. After cooling for 15 minutes, the 
mixture was centrifuged at 4,000 rpm for 15 minutes and the supernatant containing 
protein fraction together with three washing with IN NaOH was collected in 25 ml 
70 
volumetric flask. Volume was made up to the mark with IN NaOH and used for the 
estimation of proteins. Im! sodium hydroxide extract was transferred to 10 ml test 
tube and 5 ml reagent-B (Appendix) was added. The solution was mixed well and 
allowed to stand for 10 minutes at room temperature. 0.5ml Folin phenol reagent 
(Appendix) was added rapidly with immediate mixing. The blue colour developed and 
was left for 30 m i^nutes for maximum colour development. Absurbance of this 
solution was read at 660 nm. A blank containing DDW, reagent-B and Folin phenol 
reagent was simultaneously run with each sample. The protein contents were 
calculated by comparing the optical density of each sample with calibration curve 
plotted by taking known graded dilutions of standard solution of Bovine serum 
albumin (Fraction-V) and the seed protein contents were expressed in terms of 
percentage on dry weight basis. 
Standard Curve for Total Proteins 
50mg bovine serum albumin (Fraction-V) was dissolved in 50 ml DDW, of 
which 10 ml solution was diluted to 50 ml. 1 ml of this solution contains 200 ^g 
protein. From, this 0.2, 0.4, 0.6, 0.8 and 1.0 ml solution was transferred to 15 test 
tubes separately. The solution in each test tube was diluted to 1 m.l with DDW. A 
blank of 1 ml DDW was also run with each set of determination. 5 ml reagent-B to 
each tube including blank was mixed well and allowed to stand for 10 minutes. To 
this solution 0.5 ml Folin phenol reagent was added and mixed well and incubated at 
room temperature in the dark for 30 minutes. Blue colour developed and was read at 
660nm. 
CHAPTER IV. EXPERIMENTAL RESULTS 
4.1 Experiment I (Wastewater and Nitrogenous Fertilizer) 
This experiment was conducted in a complete randomized block design to 
assess the comparative effect of wastewater and ground water in presence of nitrogen. 
For this purpose three levels of water viz. 100%WW, 50%WW and GW together with 
four levels of nitrogen viz. No, N4(j, Ngo and N120 were taken to study the growth and 
physiological parameters ofTriticum aestivum L. var. PBW 343 at tillering, heading 
and milky grain stages while the yield and quality characteristics were studied at 
harvest. Only the significant data is briefly described below. 
4.LI Growth Parameters 
Leaf Number Plant' 
Irrigation with wastewater significantly enhanced plant growth producing 
more leaves as compared to ground water irrigated plants (Table 4.1a). 100%WW 
recorded an increase of 10.72, 8.72 and 12.00% over GW at three samplings viz. 
tillering, heading and milky grain respectively. However, at first sampling, it was at 
par with 50%WW which in turn was statistically similar to GW. Leaf number 
increased with the application of fertilizer. Com.paratively lower nitrogen dose, Ngo 
gave the optimum value as it was at par with N120 at first and last stage, recording an 
increase of 42.90 and 46.88% over NQ. However, at heading, N120 proved the best 
giving an increase of 47.23%, followed by Nso while N40 proved deficient. The 
interaction between wastewater and nitrogen was significant only at heading, where 
GWxNi2o and 100%WWxN8o recorded statistically similar values giving an increase 
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Table 4.1 Effect of GW, 50%WW and 100%WW on (a) leaf number and (b) tiller 
number plant' of wheat (Triticiim aeslivum L.) grown under different levels of 
nitrogen at tillering, heading and milky grain stages. 
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Mean 
1 realnients 
No 
X! 
1 1 4(1 
^80 
N120 
GW 
12.33 
15.33 
17.67 
20.00 
Tillering stage 
50%WW 
13.67 
15.67 
19.00 
20.00 
100% WW 
14.33 
17.33 
21.00 
19.67 
(a) Leaf Number 
Mean 
13.45 
16.11 
19.22 
19.89 
GW 
15.33 
18.33 
22.00 
24.67 
Headin 
50% WW 
16.67 
19.67 
23.33 
24.00 
g stage 
100% WW 
17.33 
21.67 
24.33 
24.00 
Mean 
16.45 
19.89 
23.22 
24.22 
16.33 17.08 18.08 20.08 20.92 21.83 
Milky Grain stage LSD at 5% 
GW 50%WW 100%WW Mean Milky 
No 
N40 
Nso 
N120 
Mean 
11.33 
14.33 
17.00 
18.33 
15.25 
12.33 
15.00 
18.00 
18.67 
16.00 
13.33 
16.67 
19.33 
19.00 
17.08 
12.33 
15.33 
18.11 
18.67 
Water 
Nitrogen 
Interaction 
I niering 
stage 
1.14 
0.99 
NS 
Heaaing 
stage 
0.60 
0.52 
1.01 
Grain 
stage 
1.05 
0.91 
NS 
1 reatments 
No 
N40 
Nso 
N120 
Mean 
No 
N40 
Nso 
N120 
Mean 
GW 
2.67 
3.67 
4.33 
5.00 
3.92 
GW 
3.67 
4.67 
5.33 
6.00 
4.92 
Tillering stage 
50% WW 100%WW 
3.33 
4.00 
4.33 
5.00 
4.17 
3.67 
4.33 
5.33 
5.33 
4.67 
Milky Grain stage 
50% WW 
4.00 
4.67 
5.33 
5.67 
4.92 
100% WW 
4.33 
5.00 
6.00 
6.00 
5.33 
(b) Tiller Number 
Mean 
3.22 
4.00 
4.67 
5.11 
Mean 
4.00 
4.78 
5.56 
5.89 
GW 
3.67 
4.33 
5.00 
6.00 
4.75 
Water 
Nitrogen 
Interaction 
Headin 
50%WW 
4.00 
4.67 
5.33 
5.67 
4.92 
] 
Tillering 
stage 
0.18 
0.16 
0.31 
g stage 
100% WW 
4.33 
5.00 
6.00 
6.00 
5.33 
LSD at 5% 
Heading 
stage 
0.22 
0.19 
0.37 
Mean 
4.00 
4.67 
5.44 
5.89 
Milky 
Grain 
stage 
0.17 
0.15 
0.30 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha" . A uniform basal dose of 40 kg P 
and 30 kg K ha"' was also applied. 
NS; Non significant 
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of 60.93 and 58.71% over GWxNo, respectively. These two combinations were also 
at par with 100%WWxNj2o and 50%WWxNi2o, showing the utility of wastewater 
where comparatively lower dose of nitrogen (Ngo) proved equally effective when 
applied with 100% wastewater in comparison with higher fertilizer dose (N120) and 
GW. The combinations, GWxNgo and 100%WWxN4o; GWxN4oand 100% WWxNo 
were also at oar. also showing wastewater as a nitrogen source. Leaf number to--
increased up to heading stage only, after which it decreased. 
Tiller Number Plant' 
An increase of 19.13, 12.21 and 8.33% was recorded with 100%oWW over 
GW, the later in turn was at par with 50%)WW at last two stages (Table 4.1b). Among 
nitrogen treatments, N120 recorded maximum value, giving an increase of 58.70, 47.25 
and 47.25%) over No, followed by Ngo and N40 at all the three growth stages studied. 
Among various interactions, 100%oWWxN8o gave the optimum value as it was at par 
with 100%)WWxNi2o at tillering and also with GWxNi2o at later two stages, proving 
the effectiveness of 100% wastewater in increasing the tiller number even when 
applied with comparatively lower nitrogen dose (Ngo)- The combinations GWxNgo 
and 100%)WWxN4o were again statistically similar at the first two sam.pling stages, 
showing the saving of fertilizer when plants were irrigated with wastewater. It may 
also be noted that new tillers appeared at heading and thereafter tiller formation was 
more or less arrested. 
Fresh Mass Plant 
Water treatments also significantly affected the fresh mass with maximum 
recorded under 100%WW irrigation showing an increase of 9.36, 9.11 and 11.01%) 
over GW at three stages, respectively (Table 4.2a). Moreover, 50%oWW also proved 
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Table 4.2 Effect of GW, 50%WW and 100%WW on (a) fresh and (b) dry mass (g 
plant' ) of wheal {Triticum aestivum L.) grown under different levels of nitrogen at 
tillering, heading and milky grain stages. 
1 reatments 
/Water 
No 
N40 
Nxo 
N120 
Mean 
No 
N40 
Ngo 
N,20 
Mean 
GW 
11.61 
14 13 
15.62 
18.04 
14.85 
GW 
19.80 
24.07 
27.00 
30.18 
25.26 
Tillerin 
50% WW 
12.52 
i 4 90 
16.23 
18.07 
15.43 
ig stage 
100% WW 
13,30 
1S.!8 
18.34 
18.12 
16.24 
Milky Grain stage 
50% WW 
21.92 
25.50 
29.02 
30.29 
26.68 
100% WW 
23.24 
26.23 
31.70 
31.00 
28.04 
(a) Plant Fresh Mass 
Mean 
12.48 
1474 
16.73 
18.08 
Mean 
21.66 
25.27 
29.24 
30.49 
GW 
15.63 
19 00 
21.40 
23.89 
19.98 
Water 
Nitrogen 
Interaction 
Headin; 
50%WW 
17.70 
20 06 
22.52 
23.14 
20.86 
g stage 
100%WW 
18.03 
21.17 
24.03 
23.97 
21.80 
LSD at 5% 
Tillering 
stage 
0.57 
0.49 
0.96 
Heading 
stage 
0.60 
0.52 
1.00 
Mean 
17.12 
20.08 
22.65 
23.67 
Milky 
Grain 
stage 
0.82 
0.71 
1.38 
1 reatments 
/ W n t f r 
No 
N40 
Nso 
N120 
Mean 
No 
N4(l 
Ngo 
N120 
Mean 
GW 
3.00 
4.03 
5,22 
6.04 
4.57 
GW 
6.97 
8.00 
9.46 
12.02 
9.11 
Tillerin Ig stage 
50%WW 100%WW 
3.17 
4.30 
5,80 
6.10 
4.84 
Milky Gi 
50% WW 
7.46 
9,04 
11.00 
12.08 
9.90 
3.23 
5.00 
6.18 
6.11 
5.13 
"ain stage 
100% WW 
7.90 
9.18 
12.30 
12.21 
10.40 
(b) Plant Dry Mass 
Mean GW 
3.13 4.86 
4.44 5.97 
5.73 6.96 
6.08 8.08 
6.46 
Mean 
7.44 
8.74 
10.92 Water 
12.10 Nitrogen 
Interaction 
Headir 
50% WW 
5.41 
6.50 
7.63 
8.00 
6.89 
Tillering 
stage 
0.24 
0.20 
0.40 
ig stage 
100% WW 
5.58 
6.92 
8.47 
8.22 
7.30 
LSD at 5% 
Heading 
stage 
0.28 
0.24 
0.47 
Mean 
5.29 
6.46 
7.68 
8.10 
Milky 
Grain 
stage 
0.56 
0.49 
0.95 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha" . A uniform basal dose of 40 kg P 
and 30 kg K ha"' was also applied. 
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better as compared to GW at all the sampling stages. Fresh mass was also 
significantly affected by various nitrogen treatments and maximum values were 
obtained with Ni^ o- it recorded an increase of 44.87, 38.26 and 40.77% followed 
closely by Ngo giving an increase of 34.05, 32.30 and 35.00% over No at three 
samplings. Comparatively lower dose of nitrogen (Ngn) together with 100%WW 
recorded an increase of 57.97, 53.74 and 60.10% over GWxNo and this treatment 
gave the values which were at par with the higher nitrogen doses (N120) in 
combination with three levels of water viz. 100%WWxNi2o, 50%WWxN)2o and 
GWxNiio, hence Ngo and 100% WW proved to be the optimum combination. The 
fresh mass of the plants increased consistently with increase in growth period. 
Dry Mass Plonf' 
Wastewater irrigation resulted in greater dry matter accumulation also as 
compared to ground water with maximum being recorded under 100%WW at 
successive stages showing an increase of 12.25, 13.00 and 14.16% over the control, 
however at last sampling, it was at par with 50%WW (Table 4.2b). Like fresh mass, 
it was also significantly affected by nitrogen treatments, with maximum values 
recorded by N120 with an increase of 94.25, 53.12 and 62.63% over NQ. It was 
followed by Ngo and N40 and the lowest value expectedly was recorded in No-
Interaction was significant at all the three samplings, proving 100%WWxN8o to be the 
best, which gave an increase of 106.00, 74.28 and 76.47% over GWXNQ. NO further 
increase in dry mass accumulation was recorded with 100%WWxNi2o which in turn 
gave statistically similar values with 100%WWxN8o, 50%WWxNi2o and also with 
GWxN|2o. Other combinations like, GWxNso and 100%WWxN4o were also at par, 
hence again proving the utility of wastewater in nitrogen economy. Like fresh mass, 
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dry mass was also accumulated up to last stage, therefore maximum was recorded at 
milky grain stage. 
Leaf Area Pkmf' 
The wastewater again proved superior over GW at last two samplings stages 
of growth, however, at the first stage its effect was non significant (Table 4.3a). 
1UU70 w w Hicicascu icai aica uy 11 . t z aiiu lu . i zyo uvci vavv ai ucauiiig aiiu iiuiKy 
grain stage respectively. The nitrogen also significantly affected leaf development 
and N'so proved to be the optimum dose being at par with N120 at first and last 
sampling stages. However, at heading N120 produced more leaf area per plant, 
followed by Ngo while N40 was deficient. The optimum dose recorded an increase of 
31.39, 41.12 and 35.36% over control. Interactions were significant at heading stage 
only. Ngo in combination with 100%WW proved the best and was at par with 
100%WWxN]2o and GWxNiao showing an increase of 61.28% more leaf area over 
GWxNo. The combinations, GWxNgo and 100%WWxN4o; GWXN40 and 
100%WWxNo were also similar in their effect. Leaf area increased from tillering to 
heading only, thereafter it decreased towards the milky grain stage. 
Carbonic Anhydrase Activity 
Wastewater proved superior to GW in increasing the enzymatic activity in the 
leaves with maximum recorded under 100%WW giving an increase of 8.87, 7.14 and 
7.30% over GW (Table 4.3b). However, at first and last stage, 100%WW was at par 
with 50%WW. The activity of CA was significantly increased with the increase in 
nitrogen doses, thus N120 recorded the maximum increase of 36.75, 33.33 and 22.92% 
over No. However, at heading stage N120 and Ngo showed similar effects, followed by 
N40 and the minimal enzymatic activity was observed in control. The interactions 
Table 4.3 Effect of GW. 50%WW and 100%WW on (a) leaf area (cm^ plant"') and 
(b) carbonic anhydrase activity [mol CO2 kg"' (leaf FM) s"'] of wheat (Triticum 
aestivum L.) grown under different levels of nitrogen at tillering, heading and milky 
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gram stag 
I reatments 
No 
Nso 
N120 
Mean 
No 
N40 
Ngo 
N120 
Mean 
:es. 
GW 
144.47 
162.00 
185.03 
206.75 
174.56 
GW 
151.33 
181.23 
204.20 
213.93 
187.67 
Tillering stage 
50% WW 
150.50 
172.43 
201.00 
202.53 
181.62 
100%WW 
156.47 
179.53 
207.13 
204.17 
186.83 
Milky Grain stage 
50% WW 100%WW 
160.10 
190.00 
220.17 
221.00 
197.82 
172.07 
199.20 
230.10 
225.27 
206.66 
(a) Leaf Area 
Mean 
150.48 
171.32 
197.72 
204.49 
Mean 
161.17 
190.14 
218.16 
220.07 
GW 
200.33 
232.07 
272.87 
312.18 
254.36 
Water 
Nitrogen 
Interaction 
Heading stage 
50% WW 
211,90 
244.27 
300.09 
305.95 
265.55 
100% WW 
222.73 
268.03 
323.10 
319.78 
283.41 
LSD at 5% 
Tillering 
stage 
NS 
10.02 
NS 
Heading 
stage 
7.06 
6.11 
11.91 
Mean 
211.65 
248.12 
298.69 
312.64 
Milky 
Grain 
stage 
4.33 
3.75 
NS 
Treatments 
/Wntpr 
No 
N40 
Nso 
N i 2 0 
Mean 
No 
N,o 
N80 
N , 2 0 
Mean 
GW 
2.70 
3.07 
3.57 
3.73 
3.27 
GW 
3.27 
3.53 
3.77 
4.23 
3.70 
(b) Carbonic 
Tillering stage 
50% WW 100% WW 
2.87 2.93 
3.40 3.47 
3.80 3.87 
3.90 3.97 
3.49 3.56 
Milky Grain stage 
50% WW 100% WW 
3.37 3.43 
3.60 3.73 
4.57 4.63 
4.10 4.07 
3.91 3.97 
Mean 
2.83 
3.31 
3.74 
3.87 
Mean 
3.36 
3.62 
4.32 
4.13 
Anhydrase Activity 
GW 
3.50 
4.07 
4.77 
5.03 
Water 
Nitrogen 
Interaction 
Heading stage 
50% WW 100%WW 
3.80 3.87 
4.53 4.60 
4.87 5.23 
4.93 4.90 
4^53" 4^65"'""" 
LSD at 5% 
Tillering Heading 
stage stage 
0.08 0.10 
0.07 0.08 
NS 0.16 
Mean 
3.72 
4.40 
4.96 
4.96 
Milky 
Grain 
stage 
0.07 
0.06 
0.12 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform basal dose of 40 kg P 
and 30 kg K ha"' was also applied. , _^^  , 
NS: Non siiinificant a. _ . — - -
/ • K"^  / '" 
( ~\ 
'-'if 
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were signillcanl at last two stages, where 100%WWxN8o proved best giving an 
increase of 49.43 and 41.59% over GW^No. It was followed by GWxNi2o which in 
turn was at par with 50%WWxNi2o, 100%WWxNi2o and 50%WWxN8o at heading 
stage whereas at milky grain stage, it gave similar effect as 50%WWxN8o which in 
turn was followed by GWxNno and 50%WWxNi2o- CA activity increased up to 
heading stage and then it decreased towards the milky grain stage. 
Nitrate Reductase Activity 
Wastewater also proved effective in enliancing NR activity (Table 4.4a). An 
increase of 8.07, 9.82, 9.74% and 4.66, 7.00, 7.97% was recorded under 100%WW 
and 50%WW over GW irrigated plants at all the three sampling stages respectively. 
However, at last stage, 100%WW and 50%WW showed similar effect. NR activity 
was also significantly affected by nitrogen treatments with maximum being recorded 
at Ni2o giving an increase of 44.93, 42.50 and 42.44% over NQ. Among the 
interactions, maximum enzymatic activity was recorded under 100%>WWxN8o giving 
an increase of 53.41, 53.75 and 53.06?/o over GWXNQ. At tillering stage, it was at par 
with GWxNi2o, 50%WWxNi2o and 100%WWxNi2o, at heading again v,'ith 
100%WWxN!2o and 50%WWxNi2o and, at the last sam_pling the values were also at 
par with 50%WWxN8o, 100%WWxNgo and 50%WWxN,2o. Like CA activity, NR 
activity was also maximum at heading and declined towards the milky grain 
formation. 
Leaf Nitrogen Content 
Wastewater proved effective in increasing it in leaves (Table 4.4b). 
100%WW enhanced it by 7.45, 7.47 and 13.97% over GW. Among nitrogen 
treatments, Nso proved to be optimum recording an increase of 30.00, 30.92 and 
41.95%) over NQ. At tillering, Ngo was at par with N120, while at milky grain stage the 
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Table 4.4 Effect of GW, 50%WW and 100%WW on (a) nitrate reductase activity 
[nmol NO2 g"' (leaf FM) h"'] and (b) leaf nitrogen content (%) of wheat (Triticum 
aestivum L.) grown under different levels of nitrogen at tillering, heading and milky 
grain 
1 reatnie 
/Water 
No 
N40 
'^80 
N12O 
Mean 
No 
N40 
Ngo 
N120 
Mean 
stages. 
nts 
GW 
282.27 
.3 16.63 
377.23 
429.73 
351.47 
GW 
310.17 
348.53 
416.23 
452.57 
381.88 
Tillerin 
50% WW 
293.53 
339.07 
416.80 
422.03 
367.86 
Milky Gi 
(a) Nitrate Reductase Activity 
ig stage 
IOO%WW 
302.60 
362.37 
433.03 
421.30 
379.83 
•ain stage 
50% WW 100%WW 
329.03 
381.80 
472.23 
466.20 
412.32 
336.17 
394.90 
474.73 
470.50 
419.08 
Mean 
292.80 
339.36 
409.02 
424.36 
Mean 
325.12 
375.08 
454.40 
463.09 
GW 
334.07 
389.43 
436.80 
500.07 
415.09 
Water 
Nitrogen 
Interaction 
Headin 
50% WW 
357.63 
418.57 
496.20 
504.10 
444.13 
g stage 
100% WW 
368.30 
435,03 
513.63 
506.37 
455.83 
LSD at 5% 
Tillering 
stage 
7.49 
6.49 
12.65 
Heading 
stage 
6.20 
5.37 
10.47 
Mean 
353.33 
414.35 
482.21 
503.51 
Milky 
Grain 
stage 
8.98 
7.78 
15.15 
Treatments 
AA/qtpr 
No 
N40 
Ngo 
N120 
Mean 
N„ 
N40 
Nso 
N,20 
Mean 
GW 
3.16 
3.55 
4.10 
4.23 
3.76 
GW 
2,19 
2.61 
2.98 
3.12 
2.72 
Tillerin 
(b) Leaf Nitrogen Content 
g stage 
50%WW 100%WW 
3,31 
3.75 
4.30 
4.30 
3,92 
3,43 
3.93 
4.45 
4.34 
4.04 
Milky Grain stage 
50% WW 
2,36 
2.79 
3,46 
3,32 
2,98 
100%WW 
2.52 
2.94 
3.62 
3.30 
3.10 
Mean 
3.30 
3,75 
4,29 
4,29 
Mean 
2,36 
2,78 
3,35 
3,25 
GW 
2,89 
3,29 
3,69 
4,06 
3,48 
Water 
Nitrogen 
Interaction 
Headin 
50% WW 
3,05 
3.47 
4.12 
4,00 
3,66 
Tillering 
stage 
0,04 
0,03 
0,07 
Ig stage 
100%WW 
3.17 
3,61 
4,11 
4,08 
3.74 
LSD at 5% 
Heading 
stage 
0.07 
0.06 
0.11 
Mean 
3.04 
3,46 
3,98 
4,05 
•f 
Milky 
Grain 
stage 
0.08 
0,07 
0.14 
N,B,: Subscript values denote the amount of nitrogen (N) in kg ha" , A uniform basal dose of 40 kg P 
and 30 kg K ha'' was also applied. 
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tbrmer dose recorded the maximum value. However, at heading the later dose 
performed better followed by Ngo and N40. Among interactions, 100%WWxN8o 
proved to be the optimum combination, recording maximimi at tillering and milky 
grain stage, giving an increase of 40.82 and 65.30%. However, at heading, it was at 
par with 50%WWxN8o. 100%WWxNi2o and GWxN]2oand marked an increase of 
42.22% Over GWxNo. Nitrogen coateat sliowed a decreasing trend with the increase 
in age of the plants. 
Leaf Phosphorus Content 
Phosphorus content was also enhanced under 100%WW as it recorded an 
increase of 8.48, 8.42 and 9.03%o over GW irrigated plants (Table 4.5a). P content 
responded synergistically to nitrogen treatments, maximum being noted under N120 
followed by Ngo and N40, and it recorded an increase of 44.02, 43.06 and 45.20% over 
control at three sampling stages respectively. 100%WWxN8o proved superior 
compared to other interactions and recorded 51.45, 53.28 and 57.60% more P content 
than the control. It was at par with 50%)WWxNi2o, GWxNiao and 100%)WWxNi2o at 
first tVv'O stages of sampling. Like nitrogen content, phosphorus content of leaves also 
showed a decreasing trend from tillering to m i^lky grain stage. 
Leaf Potassium Content 
It is clear from Table 4.5b that potassium content of wastewater irrigated 
plants was higher than the plants iiTigated with ground water. At first two stages, 
both the concentration performed differently, but at the last stage 100%)WW gave 
value at par with 50%oWW. An increase of 8.04, 8.40 and 8.26%o was shown by 
lOO /^oWW over GW. K content also increased with nitrogen doses and the maximum 
values were obtained with N120 followed by comparatively lower dose (Ngo) and the 
deficient dose (N40) whereas the lowest values were obtained under NQ. Among the 
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Table 4.5 Hffect oi'GW, 50%WW and 100%WW on (a) leaf phosphorus (%) and (b) 
leaf potassium content (%) of wheat (Triticum aestivum L.) grown under different 
le\els of nitrogen at tillering, heading and milky grain stages. 
Mean 
I realments 
/Wfifer 
No 
N.,0 
Nso 
N|20 
GW 
0.447 
0.50:' 
0.588 
0.675 
Tiilerin 
50% WW 
0.469 
0.553 
0.656 
0.676 
(a) 
ig stage 
100% WW 
0.488 
0.569 
0.677 
0.670 
LeafPhosph 
Mean 
0.468 
0.543 
0.640 
0.674 
orus Coi 
GW 
0.396 
0.457 
0.540 
0.60! 
itent 
Head in 
50% WW 
0.417 
0.502 
0.586 
0.596 
g stage 
100% WW 
0.440 
0.520 
0.607 
0.597 
Mean 
0.418 
0.493 
0.578 
0.598 
0.554 0.589 0.601 0.499 0.525 0.541 
Milky Grain stage LSD at 5% 
No 
N40 
Ngo 
N120 
Mean 
GW 50%WW 100%WW Mean 
0.375 
0.432 
0.516 
0.580 
0.396 
0.480 
0.572 
0.574 
0.417 
0.497 
0.591 
0.571 
0.476 0.506 0.519 
0.396 
0.470 
0.560 
0.575 
Tillering Heading 
stage stage 
Milky 
Grain 
stage 
Water 0.009 0.007 0.005 
Nitrogen 0.008 0.006 0.004 
Interaction 0.015 0.011 0.008 
1 reatments 
AA/atpr 
No 
N40 
Ngo 
N|20 
Mean 
No 
N.U. 
Nso 
N|20 
Mean 
GW 
3.22 
3.63 
4.25 
4.80 
3.98 
GW 
2.76 
3.13 
3.54 
4.12 
3.39 
Tillering 
(b) Leaf Potassium Content 
stage 
50% WW 100%WW 
3.36 
3.95 
4.72 
4.77 
4.20 
3.51 
4.11 
4.86 
4.71 
4.30 
Milky Grain stage 
50% WW 100% WW 
2.93 
3.28 
4.11 
4.07 
3.60 
3.00 
3.40 
4.27 
4.01 
3.67 
Mean GW 
3.36 2.94 
3.90 3.41 
4.61 3.91 
4.76 4.50 
3.69 
Mean 
2.90 
3.27 
3.98 Water 
4.07 Nitrogen 
Interaction 
Headin 
50%WW 
3.17 
3.68 
4.32 
4.47 
3.91 
Tillering 
stage 
0.07 
0.06 
0.12 
Ig stage 
100% WW 
3.32 
3.78 
4.44 
4.46 
4.00 
LSD at 5% 
Heading 
stage 
0.04 
0.03 
0.07 
Mean 
3.15 
3.63 
4.23 
4.47 
Milky 
Grain 
stage 
0.08 
0.07 
0.13 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha" . A unifomi basal dose of 40 kg P 
and 30 kg K ha"' was also applied. 
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various interactions, 100%WW^Ngo vvas optimum recording an increase of 50.93. 
51.02 and 54.71% over GWxNo and being at par with GWxNno and 50%WWxNi2o 
at tillering stage. Similarly, 100%WWxN8o, GWxN|2o, 50%WWxNi2o and 
]00%WWxNi2o were equally effective at heading. Potassium content also decreased 
consistently with the increase in age of the plants. Among three elements, K was 
found maximum followed by N and then P. 
Total Chlorophyll Content 
The maximum chlorophyll was observed in plants receiving 100%WW as a 
source of irrigation water showing an increase of 9.74, 11.85 and 13.51% over GW 
(Table 4.6a). However, at tillering and milky grain stage, 100%WW and 50%WW 
were at par. Nitrogen treatments also affected significantly with Ngo proved to be 
optimum dose marking an increase of 32.12, 36.81 and 39.76%) over No- The 
optimum dose was similar in effects with the higher dose (N120) at first two stages, 
however, at last sampling stage, it produced maximum value followed by N120 and 
N.io being the deficient dose whereas the least value was obtained under NQ. Among 
the various interactions, 100%WWxNgo proved optimjam, which was at par with 
100%WWxN!2o at heading and was followed by 100%)WWxNi2o and GWxNno at 
milky grain. At tillering, interactions were non-significant. Increase in chlorophyll 
content was observed from tillering to heading, after that decline was found at last 
sampling stage. 
Photosynthetic Rate 
It was also positively affected under wastewater irrigation and under 
100%WW the photosynthetic rate recorded an increase of 9.59, 9.36 and 11.11%) over 
GW (Table 4.6b). Nitrogen treatment also influenced this parameter with maximum 
Table 4.6 Effect of GW, 50%WW and 100%WW on (a) chlorophyll content (mg g" 
fresh mass) and (b) photo synthetic rate ((imol CO2 m'^  s"') of wheat (Triticum 
aestivum L.) grown under different levels of nitrogen at tillering, heading and milky 
tirain staaes, 
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Freatments ~ 
No 
N40 
Nso 
N120 
Mean 
No 
N40 
Ngo 
N120 
Mean 
GW 
L27 
1.43 
1.67 
1.80 
1,54 
GW 
1.57 
1.77 
1.97 
2.10 
1.85 
Tillerin 
50%WW 
1.37 
1.57 
1.83 
1.77 
1.63 
(a) Chlorophyll Content 
ig stage 
100% WW 
1.47 
1.63 
1.93 
1.73 
1.69 
Milky Grain stage 
50%WW 100%WW 
1.67 
1.87 
2.47 
2.27 
2.07 
1.73 
1.93 
2.53 
2.20 
2.10 
Mean 
1.37 
1.55 
1.81 
1.77 
Mean 
1.66 
1.86 
2.32 
2.19 
GW 
1.73 
1.97 
2.23 
2.50 
2.11 
Water 
Nitrogen 
Interaction 
Headin 
50% WW 
1.83 
2.13 
2.50 
2.53 
2.25 
g stage 
100% WW 
1,90 
2.20 
2.73 
2.60 
2.36 
LSD at 5% 
Tillering 
stage 
0.08 
0.07 
NS 
Heading 
stage 
0.08 
0.07 
0.14 
Mean 
1.82 
2.10 
2.49 
2.54 
Milky 
Grain 
stage 
0.08 
0.07 
0.15 
Treatments 
No 
N40 
Ngo 
N120 
Mean 
No 
N« 
Nso 
N,:o 
Mean 
GW 
11.23 
13.53 
15.67 
17.13 
14.39 
GW 
9.00 
12.13 
14.03 
15.23 
12.60 
Tillerin 
(b) Photosynthetic Rate 
Ig stage 
50%WW 100%WW 
12.17 
14.57 
16.60 
17.30 
15.16 
12.90 
15.23 
17.87 
17.07 
15.77 
Milky Grain stage 
50% WW 
11.00 
12.87 
15.10 
15.03 
13.50 
I00%WW 
11.27 
13.90 
15.80 
15.03 
14.00 
Mean 
12.10 
14.45 
16.71 
17.17 
Mean 
10.42 
12.97 
14.98 
15.10 
GW 
13.80 
16.83 
18.00 
21.00 
17.41 
Water 
Nitrogen 
Interaction 
Headin 
50% WW 
14.57 
17.23 
19.53 
20.47 
17.95 
Tillering 
stage 
0.18 
0.15 
0.30 
ig stage 
100%WW 
15.63 
17.93 
22.00 
20.60 
19.04 
LSD at 5% 
Heading 
stage 
0.46 
0.39 
0.77 
Mean 
14.67 
17.33 
19.84 
20.69 
Milky 
Grain 
stage 
0.46 
0.40 
0.78 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . A uniform basal dose of 40 kg P 
and 30 kg K ha"' was also applied. 
NS: Non significant 
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recorded for N120. It recorded an increase of 41.90, 41.04 and 44.91% over control, 
however at milky grain it vvas at par with Nso- This treatment was followed by Ngo 
and N4() and lowest photosynthesis was recorded in No, as expectedly. Ngo in 
combination with 100%WW proved optimum recording an increase of 59.13, 59.42 
and 75.56% over GWxNn. at three sampling stages. Photosynthetic rate was found 
maxmium at neauing anu at niiiKy graiu it uccieaseu. 
Stomatal Conductance 
Like photosynthetic rate, it was also positively affected by wastewater. 
100%WW recorded an increase of 33.68, 15.94 and 13.19% over GW at three 
successive stages (Table 4.7a). Among nitrogen doses, N120 gave the maximum 
values, recording an increase of 152.89, 120.46 and 74.77%o over NQ. Here also, the 
combination of Ngo and 100%WW proved optimum among various interactions, 
giving an increase of 236.61, 173.68 and 102.00% over GWXNQ. Stomatal 
conductance was maximum at heading, thereafter it decreased. 
Water Use Efficiency (JVUE) 
Similarly, WUE was significantly affected under different water treatments 
with maximum values recorded under 100%WW giving an increase of 7.46, 8.96 and 
5.32% over control (Table 4.7b). At tillering and milky grain, GW was at par with 
50%WW, which in turn was also at par with 100%)WW at the later stage. Ngo gave an 
increase of 45.70, 57.06 and 27.61% over No and was at par with N120 at the milky 
grain. Like other photosynthetic characters, here also Ngo in combination with 
100%WW proved to be optimum and recorded an increase of 62.86, 76.00 and 44.00 
over GWxNo, and also at par with GWxNi2o and 50%)WWxN8o at the last stage of 
sampling. It also followed the trend similar to photosynthetic rate and stomatal 
conductance, recording maximum at heading and declining at later stage. 
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Table 4.7 Effect of GW, 50%WW and 100%WW on (a) stomatal conductance (mol 
m"*^  s" ) and (b) water use efficiency (WUE) of wheat (Triticum aestivitm L.) grown 
under different levels of nitrogen at tillering, heading and milky grain stages. 
1 realiiients 
/Wtifer 
No 
N120 
Mean 
No 
N40 
Nso 
N | 2 0 
Mean 
GW 
0.112 
0.142 
0.204 
0.303 
0.190 
GW 
0.100 
0.120 
0.160 
0.196 
0.144 
(a) 
Tillering stage 
50% WW 
0.120 
0.158 
0.305 
0.305 
0.222 
100% WW 
0.131 
0,198 
0.377 
0.311 
0.254 
Milky Grain stage 
50% WW 
0.106 
0.138 
0.181 
0.183 
0.152 
100% WW 
0.116 
0.153 
0.202 
0.181 
0.163 
1 Stomata 
Mean 
0.121 
0.166 
0.295 
0.306 
Mean 
0.107 
0.137 
0.181 
0.187 
1 Conductance 
GW 
0.190 
0.288 
0.400 
0.501 
0.345 
Water 
Nitrogen 
Interaction 
Headin 
50% WW 
0.222 
0.304 
0.415 
0.473 
0.354 
g stage 
100%WW 
0.248 
0.352 
0.520 
0.481 
0.400 
LSD at 5% 
Tillering 
stage 
0.009 
0.008 
0.015 
Heading 
stage 
0.008 
0.007 
0.013 
Mean 
0.220 
0.315 
0.445 
0.485 
Milky 
grain 
stage 
0.004 
0.003 
0.007 
1 reatments 
/Wnfpr 
No 
N40 
Nso 
N | 2 0 
Mean 
No 
N.,0 
Nxo 
N120 
Mean 
GW 
0.210 
0.240 
0.303 
0.318 
0.268 
GW 
0.150 
0.185 
0.198 
0.220 
0.188 
(b) Water Use Efficiency 
Tillering stage 
50% WW 100%WW 
0.222 
0.256 
0.320 
0.270 
0.267 
0.232 
0.295 
0.342 
0.282 
0.288 
Milky Grain stage 
50% WW 
0.163 
0.190 
0.210 
0.203 
0.192 
100% WW 
0.176 
0.198 
0.216 
0.200 
0.198 
Mean 
0.221 
0.264 
0.322 
0.290 
Mean 
0.163 
0.191 
0.208 
0.208 
GW 
0.300 
0.393 
0.495 
0.508 
0.424 
Water 
Nitrogen 
Interaction 
Headin] 
50% WW 
0.324 
0.414 
0.513 
0.501 
0.438 
Tillering 
stage 
0.005 
0.004 
0.008 
s, stage 
100%WW 
0.353 
0.465 
0.528 
0.501 
0.462 
LSD at 5%. 
Heading 
stage 
0.006 
0.005 
0.010 
Mean 
0.326 
0.424 
0.512 
0.503 
Milky 
grain 
stage 
0.007 
0.006 
0.012 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha" . A uniform basal dose of 40 kg P 
and 30 kg K ha'' was also applied. 
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4.1.3 Yield and Quality Parameters 
Fxir Number Planf 
Wastewater gave better results as compared to GW (Table 4.8a). 100%WW 
gave an increase of 12.21% over GW imgation, however, 50%WW was at par with 
GW. Nitrogen treatments also affected significantly recording maximum value under 
Ni2o which gave an increase ot 47.25% over No, lollowed by Ngo and N40. From 
various interactions, 100%WWxN8o proved optimum as it was at par with 
50%WWxNi2o, GWxN]2o and 100%WWxNi2o- Among other combinations, 
100%WWxN4o was at par with 50%WWxN8o on one hand and on the other it was at 
par with GWxNgo- 100%WWxNo and GWXN40 also showed similar effects. 
Ear Weight Plant'' 
100%WW proved beneficial in enhancing the ear weight by marking an 
increase of 10.51% over GW. However, 50%WW and GW were similar in effects 
(Table 4.8b). N120 proved the best among fertilizer doses recording an increase of 
42.22% over NQ. However, combination of Ngo with 100%WW proved optimum 
gi V iiig ail iLi\^i\^a:i\^ wi \j\j.-t-! /o u v t i i^uiiiiui. i i w a s aiatj au p a i w iu i vj vv ^ i ^ ]20» 
SQ -^'oWWxN'-^ " and 100%WWxN'-'" confirmin" the importance of wastewater in 
saving inorganic fertilizers and its utilization in agricultural productivity. 
Length Ear' 
Wastewater proved efficacious in enhancing the ear length with plants 
irrigated with 100%WW recording maximum ear length and showing an increase of 
5.50% over GW (Table 4.8c). However, 50%WW could not perform better and was 
at par with GW. The ear length increased with increasing nitrogen doses up to N120 
giving an increase of 19.69% over No, followed closely by Ngo whereas N40 was 
deficient. Among the various interactions, 100%WWxN80 was the optimum 
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Table 4.8 Effect of GW. 50%WW and 100%WW on (a) ear number plant"', (b) ear 
weight (g plant"'), (c) length ear"' (cm), (d) spikelet number ear"', (e) grain number 
ear" and (f) 1000 grain weight (g) of wheat (Triticum aestivum L.) grown under 
different levels of nitrogen at tilierina. headine and milkv izrain staaes. 
Treatnietits 
/Water 
No 
Nan 
Nsu 
Mean 
N40 
Ngo 
N,20 
Mean 
GW 
3.67 
4.33 
5.00 
6.00 
4.75 
GW 
10.33 
10.83 
11.30 
12.60 
11.27 
(a) Ear N 
50% WW 
4.00 
4.67 
5.3J> 
5.67 
4.92 
umber 
100% WW 
4.33 
5.00 
6.00 
6.00 
5.33 
(c) Length Ear"' 
50%WW 
10.37 
10.97 
11.63 
12.17 
11.28 
100% WW 
10.67 
11.23 
12.87 
12.80 
11.89 
Mean 
4.00 
4.67 
5.44 
5.89 
Mean 
10.46 
11.01 
11.93 
12.52 
GW 
4.70 
5.77 
6.46 
7.45 
6.09 
Water 
Nitrogen 
Interaction 
(b) Ear Weight 
50% WW 
5.05 
5.98 
6.91 
7.11 
6.26 
Ear 
number 
planf' 
0.22 
0.19 
0.37 
100% WW 
5.69 
6.32 
7.54 
7.37 
6.73 
LSD at 5% 
Ear 
weight 
plant"' 
0.27 
0.24 
0.47 
Mean 
5.14 
6.02 
6.97 
7.31 
Length 
ear"' 
0.34 
0.29 
0.57 
Treatments 
/Water 
No 
N40 
Nso 
N120 
Mean 
No 
N,o 
NKO 
N | 2 0 
Mean 
GW 
14.33 
15.33 
17.33 
19.67 
16.67 
GW 
40.03 
40.77 
41.21 
43.03 
41.26 
(d) Spikelet Number 
50% WW 100%WW 
14.67 
16.00 
18.00 
19.33 
17.00 
15.00 
17.00 
20.00 
20.33 
18.08 
(f) 1000 Grain Weight 
50%WW 
40.21 
40.97 
41.91 
42.96 
41.51 
100%WW 
40.56 
41.07 
43.11 
43.00 
41.93 
Mean 
14.67 
16.11 
18.44 
19.78 
Mean 
40.26 
40.94 
42.08 
43.00 
GW 
30.00 
33.33 
35.00 
41.67 
35.00 
Water 
Nitrogen 
Interaction 
(e) Grain 
50% WW 
3L67 
34.00 
37.33 
41.33 
36.08 
1 
Spikelet 
number 
planf' 
0.50 
0.43 
0.85 
Number 
100%WW 
32.33 
34.67 
42.33 
42.00 
37.83 
LSD at 5% 
Grain 
weight 
plant"' 
1.59 
1.38 
2.69 
Mean 
31.33 
34.00 
38.22 
41.67 
1000 
grain 
weight 
0.40 
0.35 
0.68 
N.B.; Subscript values denote the amount of nitrogen (N) in kg ha" . A uniform basal dose of 40 kg P 
and 30 kg K ha"' was also applied. 
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combination which registered an increase of 24.59% over GW^No and was at par with 
100%WW>N.2(), GWxN|2o, the later in turn was statistically similar to 50%WWx:Ni2o-
Two other combinations viz. GW^Ngo and 100% WWXN40 also showed similar 
effect. 
Spikelet Number Ear 
WasteVv'ater also provcu superior over grounu water m mcreasing tuc spiKCiet 
formation (Table 4.8d). 100%WW application produced 8.46% more spikelets over 
G\V. However, 50%WW showed similar effect as GW recording a marginal increase 
of 1.98% over GW. Treatment N120 gave an increase of 34.83% over No, followed by 
Ngo and N40. The lowest numbers of spikelets were recorded under NQ. Among the 
interactions, 100%WWxN8o again proved to be optimum and it gave an increase of 
39.57% over control. It showed statistical similar effect to 100%WWxN!2o and 
GWxNi2o, which in turn was at par with 50%WWxNi2o- Some other combinations, 
like, 50%)WWxN4o, GWXN40 and 100%WWxNo were also statistically similar in their 
effect. 
Cjrciifi IV^'in^cr Ecir 
Like other yield narameters, number of grains ear was m.ore in plants 
irrigated with wastewater in comparison with ground water (Table 4.8e). The percent 
increase recorded under 100%WW was 8.09 over control, followed by 50%) WW 
which on the contrary showed statistically similar value to GW. Among nitrogen 
treatments, N120 recorded the maximum number of grains giving an increase of 33% 
over No followed closely by Ngo. This treatment (Ngo) along with 100%WW proved 
the optimum combination giving an increase of 41.10% over GWXNQ. It was also at 
par with GWxNi2o and 100%WWxNi2o, showing N120 to be luxury consumption 
when applied along with wastewater. 
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1000 Grain Weight 
Wastewater irrigation resulted in the production of heavier grains than 
groundwater irrigation (Table 4.8f). 100%WW gave an increase of 1.62% over GW, 
followed by 50%WW (0.61%). The later, however, was at par with GW. Among 
nitrogen, N120 recorded an increase of 6.81%, followed by Nso registering an increase 
of 4.52% over NQ. Significantly lower value was marked by N40, however, the lowest 
was noted under NQ. Among various interactions, 100%)WWxN8o was the optimum 
giving an increase of 7.69% over GWxNo. It was at par with GWxNuo, 
100%WWxNi2o and 50%WWxNi2o. 
Grain Yield Plant' 
The grain yield was significantly affected by the wastewater treatment 
showing a cumulative effect of enhanced growth and yield parameters under 
wastewater (Table 4.9a). Therefore, plants irrigated with 100%)WW recorded the 
maximum grain yield, giving an increase of 12.61% over GW. However, 50%WW 
was at par with GW, and recorded a marginal increase of 4.14%. Likewise, as 
observed in m.ost of the parameters, fertilizer dose Njao proved to be the best followed 
by Ngo and N40. The treatments, Ni2o and Ngo recorded 56.86%o and 43.14%o increase 
over No, respectively. However, N40 gave significantly lower yield, but still it was 
better than NQ. The combination 100%)WWxN8o proved optimum giving an increase 
of 74.76% over GWXNQ- It was at par with GWxN,2o, 100%WWxNi2o and 
50%WWxN|2o- It may therefore, be pointed out that use of wastewater as a source of 
irrigation has saved atleast 40 kg ha'' nitrogen which is significant as this treatment is 
also saving the fresh water. 
90 
Table 4.9 Effect of GW. 50%WW and 100%WW 
straw yield (g plant" ), (c) biological yield (g plant' 
on (a) grain yield (g plant' ), (b) 
') , (d) carbohydrate content (%) 
and (e) protein content (%) of wheat (Triticum aestivum L.) grown under different 
le\'e!s ofp.itrogen at tillering, heading 
freatments (a) Grain Yield 
/Water GW 50%WW 100%WW 
No 4.12 4.62 4.82 
N40 4,96 5.21 5.86 
Nso 5.95 6.28 7.20 
N.20 7.15 7.00 7.12 
and milky gi 
Mean 
4.52 
5.34 
6.47 
7.09 
•am stage 
GW 
5.47 
6.50 
7.96 
10.52 
s. 
(b) Straw Yield 
50% WW 
5.96 
7,54 
9.50 
10.58 
100%WW Mean 
6.40 5.94 
7.68 7.24 
10.80 9.42 
10.71 10.60 
Mean .55 .61 8.39 8.90 
(c) Biological Yield LSD at 5% 
No 
N40 
Nso 
N120 
Mean 
GW 50%WW 100%WW Mean 
9.59 
11.46 
13.91 
10.58 
12.75 
15.77 
11.23 
13.53 
17.99 
10.46 
12.58 
15.89 Water 
17.67 17.58 17.83 17.69 Nitrogen 
13.16 14.17 15.15 Interaction 
Grain 
yield 
Straw 
yield 
Biologic 
al yield 
0.27 
0.23 
0.46 
0.48 
0.41 
0.81 
0.56 
0.49 
0.95 
Treatments 
/Water 
No 
N40 
N80 
N120 
(d) Carbohydrate Content 
GW 50%WW 100%WW Mean 
Mean 
74.02 
76.46 
76.72 
78.02 
75.86 
76.67 
77.63 
77.87 
76.20 
77.52 
78.37 
78.07 
76.30 77.01 77.54 
75.36 
76.88 
77.57 
77.98 
11.08 
11.79 
13.33 
14.00 
12.55 
(e) Protein Content 
GW 50%WW 100%WW Mean 
11.39 
12.44 
13.76 
13.87 
12.86 
11.40 
13.57 
14.18 
14.02 
13.29 
11.29 
12.60 
13.76 
13.97 
LSD at 5% 
Carbohydrate 
content 
Protein 
content 
Water 
Nitrogen 
Interaction 
0.42 
0.36 
0.71 
0.30 
0.26 
0.50 
N.B.: Subscript values denote the amount of nitrogen (N) in kg ha' . 
ha' was also applied. 
A uniform basal dose of 40 kg P and 30 kg K 
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Straw Yield Flanf' 
Significant affect of wastewater was also obsen'ed on the production of straw 
(Table 4.9b). 100%WW proved to be the best, recording an increase of 16.95% over 
GW whereas an increase of 10.25% was obtained under 50%WW irrigation. Nitrogen 
at the rate of N120 gave the maximum percent increase of 78.45 over No, followed by 
Nfio which gave an uicrease of 58.59% over No whereas N40 was deficient. Among the 
interactions, 100%WWxN8o proved optimum being at par with GWxNno and 
100%WWxNi2o and showed an increase of 97.44% over GW^NQ. 
Biological Yield Plant'' 
As evident from Table 4.9c, wastewater fed plants showed more biomass 
accumulation than those irrigated with GW. An increase of 15.12% was shown by 
100%WW whereas 50%WW marked an increase of 7.68% over GW. For this 
parameter too, N120 proved better dose over other doses and gave an increase of 
69.12% over NQ, followed by Ngo and N40. Among the interactions, 100%WWxN8o 
proved to be optimum which was at par with GW^Nno on one hand and on another 
with 100%WWxN120. It shovv'ed an increase of 87.59% over GWXNQ. 
Total CaK bo hydrate Content 
Increased carbohydrate contents were also noted in plants irrigated with 
wastewater (Table 4.9d). 100%WW recorded maximum percent increase of 1.63% 
over GW. 50%WW also proved better compared to GW, giving a marginal increase 
of 0.93%. Carbohydrate contents increased with the increase in nitrogen dose as 
maximum recorded under N120 which marked an increase of 3.48% over NQ, followed 
by Ngo and N40 which recorded 2.93 and 2.02% increase whereas the lowest value was 
obtained under No. Among interactions, 100%WWxN8o proved optimum being at par 
with 100%WWxNi2o and GWxNi2o, and marking an increase of 5.88% over GWXNQ. 
Total Protein Content 
Wastewater treatment also enhanced protein content of the grains (Table 4.9e). 
Both 100%WW and 50%WW performed better than GW and recorded an increase of 
5.90 and 2.47%, respectively. Among various doses of nitrogen, N120 and Ngo were at 
par. marking an increase of 23.74 and 21.88% over No, respectively, whereas N40 was 
deficient dose. The combination of N u^ and IOO%\VW was the optimum, recording 
an increase of 27.98% over GWxNo, being at par with 100%oWWxNi2o, 
50%WWxN,2o and GWxN,2o. 
4.2 Experiment II (Wastewater and Phosphatic Fertilizer) 
The design of this experiment was also complete randomized block design and 
the water treatments in this experiment were also the same as in Experiment I but in 
this experiment four different levels of phosphorus (PQ, P20, P40, Peo) along with the 
basal dose of nitrogen @ 40 kg ha"' and potassium @ 30 kg ha' were applied on the 
same crop viz. wheat. Only the significant data has been briefly described below. 
4.2.1 Growth Parameters 
Leo^Nufnbcf Plcint 
It was significantly enhanced under wastewater application over GW as 
100%WW registered an increase of 9.23, 10.43 and 12.00%) at three growth stages 
(Table 4.10a). However, at tillering and heading both concentrations of wastewater 
gave at par values and at former stage 50%WW was also statistically similar to GW. 
Significant increase in leaf number was observed under different phosphorus 
treatments with P40 proving optimum and produced values which were at par with Peo 
which was at luxury consumption while the treatment P20 was deficient at all the three 
sampling stages. P40 recorded an increase of 40.93, 39.09 and 47.69%) over PQ. 
Interactions were significant at milky grain stage only where P40 along with 
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Tablt 4.10 lil'fecl ol'CrW. 50%WW and 100%WW on (a) leaf number and (b) tiller 
number plant" of"wheat [Triticum aestivum !..) grown under different levels of 
phosphorus at tillering, heading and milky grain stages. 
rrcatniciUs 
/Water 
1 .Hi 
Mean 
Po 
P20 
P40 
P60 
Mean 
GW 
13.00 
15,00 
18.3.3 
i8.67 
16.25 
GW 
11.00 
13.67 
16.00 
17.67 
14.58 
Tillering stage 
50%WW 100%WW 
13.67 14.00 
15.33 17.00 
19,00 20.00 
19.6/ 20.00 
16.92 17^5 
Milky Gi 
50% WW 
12.00 
14.00 
17.67 
18.00 
15.42 
•ain stage 
100^ /0 WW 
12.67 
15.67 
19.00 
18.00 
16.33 
(a) Lea 
Mean 
15,78 
19.11 
19.44 
Mean 
11.89 
14.44 
17.56 
17.89 
if Number 
GW 
15733 
18.00 
21.33 
22.OU 
19.17 
Water 
Phosphorus 
Interaction 
Heading stage 
50% WW 100% WW 
16.33 17J00 
19,33 21.00 
22.67 23.67 
22.6/ 23.00 
20.25 
Tillering 
stage 
1.03 
0.89 
NS 
21.17 
LSD at 5% 
Heading 
stage 
L04 
0.90 
NS 
Mean 
16^22 
19 44 
22.56 
22.56 
Milky 
Grain 
stage 
0.60 
0.5! 
1.01 
T reatments 
/Watpr 
Po 
P20 
P4O 
PfiO 
Mean 
Pu 
P4(, 
PfiO 
Mean 
GW 
2.67 
3.33 
4.00 
5.33 
3.83 
^GW 
3.00 
4.00 
4.67 
6.00 
4.42 
Tillerin g stage 
50% WW 100%WW 
3.00 
3.67 
5.00 
5.67 
4.33 
3.33 
4.00 
5.67 
5.33 
4.58 
Milky Grain stage 
50%WW 
3.67 
4.00 
5.33 
6.00 
4.75 
100% WW 
3.67 
4.33 
6.00 
5.67 
4.92 
(b) Tiller Number 
Mean 
3.00 
3.67 
4.89 
5.45 
Mean 
3.44 
4.11 
5.33 
5.89 
GW 
3.00 
3.67 
4.33 
6.00 
4.25 
Water 
Phosphonis 
Interaction 
Headir 
50% WW 
3.67 
4.00 
5.33 
6.00 
4.75 
Tillering 
stage 
0.18 
0.16 
0.31 
ig stage 
100% WW 
3.67 
4.33 
6.00 
5.67 
4.92 
LSD at 5% 
Heading 
stage 
0.20 
0.17 
0.34 
Mean 
3.44 
4.00 
5.22 
5.89 
Milky 
Grain 
stage 
0.20 
0.18 
0.35 
N.B,: Subscript values denote the amount of nitrogen (P) in kg ha' . A uniform basal dose of 40 kg N 
and 30 kg K ha'' was also applied. 
NS: Non sitinit'icant 
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lOO'^ oWW proved better combination being at par with 50%WWxP6o and 
100%WW-<P6o- Leaf number increased up to heading only and thereafter it 
decreased. 
Tiller Number Plant ^ 
Wastewater proved effective as the plants receiving it as a source of irrigation 
recorded more tiller numbers, thus 100%WW showed an increase of 19.58, 15.77 and 
1 ] .31 % over the ground water irrigated plants (Table 4.10b). However, at last two 
sampling stages, 100%WW was at par with 50%WW. Tiller formation was 
significantly affected under phosphorus treatments with P6o recorded maximum 
values giving an increase of 81.67, 71.22 and 71.22% over Po, followed by P40 and P20 
at all three growth stages. The combination of 100%WWxP4o proved optimum and 
recorded an increase of 112.36, 100.00 and 100.00%) over GW^PQ at three samplings, 
respectively. This combination was at par with 50%)WWxP6o at tillering, and also 
with GWxPfto and 100%)WWx Peo at later two stages. Tiller formation was maximum 
at heading, after which its formation was more or less arrested. 
Fresh Mass Plant'' 
Wastewater proved efficacious when compared to grourrd water as plants 
under wastewater irrigation resulted in more fresh mass (Table 4.1 la). 100%WW 
gave an increase of 11.15, 9.66 and 9.26% over GW at tillering, heading and milky 
grain stages respectively. At first sampling stage, 50%)WW and GW were at par. 
Plants responded significantly to phosphorus application in terms of fresh mass with 
P40 gave the optimum values showing an increase of 32.48, 30.66 and 35.67%) over PQ 
and being at par with Pgo at last two stages, hence showing the luxury consumption of 
higher phosphorus dose. However, at tillering, Peo performed better followed by P40. 
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Table 4.11 Effect of GW, 50%WW and 100%WW on (a) fresh and (b) dry mass (g 
plant' ) of wheat (Triticim aesdvnm L.) grown under different levels of phosphorus at 
tillering, heading and milky grain stages. 
Mean 
Treatments 
Po 
P,o 
P4(, 
P60 
GW 
1 1.22 
13.13 
14.76 
16.87 
Tillering stage 
50% WW 100% WW 
12.13 
13.96 
15.63 
16.47 
13.03 
14.33 
17.82 
17.00 
(a) Plant Fresh Mass 
Mean 
12.13 
13.80 
16.07 
16.78 
GW 
15,50 
18.90 
20.87 
22.17 
Headin 
50% WW 
17.13 
19.50 
21.82 
22.20 
g stage 
100% WW 
18.16 
20.62 
23.68 
22.46 
Mean 
16.93 
19.67 
22.12 
zz.zo 
13.99 14.55 15.55 19.36 20.16 21.23 
Milky Grain stage LSD at 5% 
Po 
P20 
P40 
Peo 
Mean 
GW 50% WW 100% WW Mean 
19.67 
24.05 
27.46 
29.94 
21.53 
25.27 
29.02 
29.27 
23.30 
26.07 
31.03 
30.09 
25.28 26.27 27.62 
21.50 
25.13 
29.17 
29.77 
Tillering Heading 
stage stage 
Water 
Phosphorus 
Interaction 
0.65 
0.56 
1.10 
0.60 
0.52 
1.02 
Milky 
Grain 
stage 
0.78 
0.67 
1.31 
I reatments 
Po 
P20 
P40 
P60 
Mean 
' 
Po 
P20 
P40 
PfjO 
Mean 
GW 
2.98 
4.00 
5.08 
5.50 
4.39 
GW 
6.75 
7.90 
9.22 
11.62 
8.87 
Tillering stage 
50%WW 100%WW 
3.19 
4.26 
5.63 
5.80 
4.72 
3.28 
4.94 
5.91 
5.87 
5.00 
Milky Grain stage 
50%WW 100%WW 
7.20 
8.96 
10.76 
11.72 
9.66 
7.57 
9.09 
12.27 
11.73 
10.16 
(b) Plant Dry Mass 
Mean 
3.15 
4.40 
5.54 
5.72 
Mean 
7.17 
8.65 
10.75 
11.69 
GW 
4.79 
5.66 
6.90 
7.93 
6.32 
Water 
Phosphorus 
Interaction 
Heading stage 
50%WW 
5.27 
6.13 
7.45 
7.96 
6.70 
] 
Tillering 
stage 
0.18 
0.16 
0.31 
100%WW 
5.42 
6.63 
8.14 
8.00 
7.05 
LSD at 5% 
Heading 
stage 
0.23 
0.20 
0.39 
Mean 
5.16 
6.14 
7.50 
7.96 
Milky 
Grain 
stage 
0.42 
0.36 
0.71 
N.B.: Subscript values denote the amount of nitrogen (P) in kg ha' . A uniform basal dose of 40 kg N 
and 30 kg K ha"' was also applied. 
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proved good at three sampling stages recording an increase of 58.82, 52.77 and 
57.75% over control. However, at first and last sampling, the optimum combination 
was similar with 100%WWxP^o and GWxP^ o^ showing the utility of wastewater in 
saving of phosphatic fertilizer. The increasing trend was observed in the fresh mass 
of plants from tillering to milky grain stage. 
nr\> Mass Plant 
It was significantly affected by wastewater application as more dry mass got 
accumulated in the wastewater irrigated plants (Table 4.11 b). Both 100%WW and 
50%WW performed differently and 100%oWW showed an increase of 13.90, 11.55 
and 14.54% over GW at three sampling stages. Even 50%oWW was better compared 
to GW. The treatment, Peo recorded maximum values giving an increase of 81.59, 
54.26 and 63.04% over the control, followed by P40 and P20 at all the stages of growth 
under study. The combination 100%)WWxP4o proved optimum and recorded an 
increase of 98.32, 69.94 and 81.78%o over GWXPQ. This combination was at par with 
100%WWxPf,g and 50%WWxP6o at first sampling. However, at later two stages, 
optim.um. com.bination was also at par with GWxPgo. Like fresh mass, dry matter also 
increased throughout growth period. 
Leaf Area Plant' 
Significant increase was also observed in the leaf area of the plants irrigated 
with wastewater as 100%WW marked an increase of 7.33, 8.37 and 7.75%) over GW 
(Table 4.12a). However, at tillering 100%WW and 50%)WW showed statistically 
similar effect whereas at heading 50%)WW and GW were at par. Among fertilizer 
treatments, P60 gave an increase of 31.64, 47.58 and 37.23%o, followed by P40 and P20 
at first and second sampling, however at last stage, Peo and P40 were at par. Among 
the interactions, 100%WWxP4o was the optimum combination recording an increase 
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Table 4.12 Effect of GW, 50% WW and 100%WW on (a) leaf area (cm^ plant'') and 
(b) carbonic anhydrase activity [mol CO2 kg"' (leaf FM) s"'] of wheat {Triticum 
aesiivum L.) grown under different levels of phosphorus at tillering, heading and 
millcy grain stages. 
1 reatnients 
/Water 
Po 
PiO 
rt 
'MO 
PfiO 
Mean 
Po 
P20 
P40 
PbO 
Mean 
GW 
146.33 
I6U.U3 
1 OOi 1 A 
1 0>^. i U 
199.50 
171.99 
GW 
149.17 
177.13 
200.10 
218.53 
186.23 
Tillerin 
50% WW 
151.57 
170.37 
l y o . t u 
200.13 
180.11 
ig stage 
100% WW 
157.87 
177.50 
/UZ.OJ 
200.34 
184.59 
Milky Grain stage 
50%WW 100%WW 
157.10 
186.27 
217.07 
215.23 
193.92 
168.30 
195.87 
221.03 
217.47 
200.67 
(a) Leaf Area 
Mean 
15 1.92 
169.30 
194.38 
199.99 
Mean 
158.19 
186.42 
212.74 
217.08 
GW 
201.13 
227.77 
268.80 
312.17 
252.47 
Water 
Phosphorus 
Interaction 
Headin 
50% WW 
207.20 
238.83 
292.47 
307.17 
261.42 
Tillering 
stage 
4.77 
4.13 
8.05 
Ig stage 
100%WW 
217.67 
262.10 
310.07 
304.53 
273.59 
LSD at 5% 
Heading 
stage 
10.88 
9.42 
18.36 
Mean 
208.67 
242.90 
290.45 
307.96 
Milky 
Grain 
stage 
5.66 
4.90 
9.56 
i reatments 
Po 
P20 
P40 
P50 
Mean 
Po 
P20 
P40 
p 
' 6(J 
Mean 
GW 
2.57 
2.97 
3.47 
3.63 
3.16 
GW 
3.13 
3.57 
4.13 
4.40 
3.81 
Tillerin 
(b) Carbonic Anhydrase Activity 
g stage 
50%WW 100%WW 
2.70 
3.17 
3.67 
3.80 
3.33 
2.80 
3.27 
3.83 
3.90 
3.45 
Milky Grain stage 
50% WW 
3.23 
3.87 
4.37 
4.43 
3.98 
100%WW 
3.40 
4.07 
4.60 
4.50 
4.14 
Mean 
2.69 
3.13 
3.66 
3.78 
Mean 
3.26 
3.83 
4.37 
4.44 
GW 
3.67 
4.03 
4.57 
4.90 
4.29 
Water 
Phosphorus 
Interaction 
Headin 
50% WW 
3.83 
4.33 
5.33 
5.07 
4.64 
] 
Tillering 
stage 
0.12 
0.11 
NS 
g stage 
100%WW 
3.97 
4.53 
5.10 
5.03 
4.66 
LSD at 5% 
Heading 
stage 
0.08 
0.07 
0.14 
Mean 
3.82 
4.30 
5.00 
5.00 
Milky 
Grain 
stage 
0.09 
0.08 
0.15 
N.B.: Subscript values denote the amount of nitrogen (P) in kg ha' . A uniform basal dose of 40 kg N 
and 30 kg K ha"' was also applied. 
NS: Non significant 
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of 38.48, 54.16 and 48.17% over GWxP>o. It was at par with lOOyoWWxP^o-
50%WWxP5Q and GWxP6o at all the three growth stages under study. The optimum 
combination was also at par with 50%WWxP4o at first and, with 50%WWxP4o and 
50% WWxP(,o at last sampling stage. The leaf area increased from first to second 
sampling and thereafter declined. 
4.2.2 Physiological Parameters 
Carbonic Anhydrase Activity 
Wastewater proved effective in enhancing the enzymatic activity and a 
significant increase was found over GW (Table 4.12b). At tillering and heading, 
100%oWW and 50%WW were at par and former recorded an increase of 9.18 and 
8.63% over GW. However, at milky grain both concentrations performed differently 
and recorded an increase of 8.66 and 4.46%), respectively. Enzymatic activity was 
also significantly enhanced under phosphorus application and P60 gave the maximum 
value, recording an increase of 40.52, 30.89 and 36.2G%o over PO. P60 and P40 
showed statistically similar effect at last two stages, proving P40 to be the optimum 
dose. The interactions were non signifixant at first sampling stage, however, at 
second and third sampling stages, 50%)WWxP4o and 100%)WWxP4n proved optimum, 
respectively. At heading, 50%WWxP4o was followed by 100%)WWxP4o, 
50%WWxP6o, 100%WWxP5o and GWxPgo, however, the opfimum combinafion at 
milky grain was at par with 100%)WWxP60. CA activity increased up to heading after 
which it declined. 
Nitrate Reductase Activity 
As evident from Table 4.13a, both concentrations of wastewater performed 
well to enhance this enzymatic activity also and differed significantly from 
groundwater at all the stages of growth. An increase of 9.33, 7.95 and 8.84% by 
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Table 4.13 Effect of GW, 50%WW and 100%WW on (a) nitrate reductase activity [nmol 
NO2 g ' (leaf FM) h' ] and (b) leaf nitrogen content (%) of wheat {Triticum aestiviim L.) 
grown under different levels of phosphorus at tillering, heading and milky grain stages. 
freatmenls 
/Water 
Po 
P20 
P40 
p . 
Mean 
Po 
P20 
P40 
P60 
Mean 
GW 
286.33 
306.47 
378.17 
401.23 
343.05 
GW 
314.47 
349.60 
408.10 
440.77 
378.23 
Tillerir 
50%WW 
300.50 
330.27 
414.07 
405 43 
362.57 
(a) Nitrate Reductase Activity 
ig stage 
100% WW 
310.10 
356.73 
421.30 
/I n m 
T 1 ^ . \ ^ / 
375.05 
Milky Grain stage 
50%WW 100%WW 
330.13 
376.43 
444.60 
449.70 
400.22 
342.20 
395.87 
458.33 
450.30 
411.68 
Mean 
298.98 
331.16 
404.51 
Mean 
328.93 
373.97 
437.01 
446.92 
GW 
340.17 
385.03 
448.20 
AQCt 'i(\ 
415.68 
Water 
Phosphorus 
Interaction 
Headin 
50% WW 
362.40 
408.67 
486.33 
/ n n i n 
-T 1 \J , L\J 
431.88 
Tillering 
stage 
9.16 
7.93 
15.47 
ig stage 
100% WW 
375.53 
426.80 
500.13 
492.47 
448.73 
LSD at 5% 
Heading 
stage 
12.68 
10.98 
21.40 
Mean 
359.37 
406.83 
478.22 
Milky 
Grain 
stage 
9.91 
8.58 
16.73 
Treatments 
/W;ifpr 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
1 60 
Mean 
GW 
3.20 
3.47 
4.05 
4.30 
3.76 
GW 
2.20 
2.71 
2.97 
3.51 
2.85 
Tillerin 
(b) Leaf Nitrogen Content 
Ig stage 
50% WW 100%WW 
3.29 
3.69 
4.38 
4.44 
3.95 
3.38 
3.79 
4.51 
4.40 
4.02 
Milky Grain stage 
50% WW 
2.42 
2.89 
3.52 
3.48 
3.07 
100%WW 
2.58 
3.04 
3.63 
3.54 
3.20 
Mean 
3.29 
3.65 
4.32 
4.38 
Mean 
2.40 
2.88 
3.37 
3.51 
GW 
2.93 
3.34 
3.70 
3.84 
3.45 
Water 
Phosphorus 
Interaction 
Headin 
50% WW 
3.04 
3.43 
3.87 
3.90 
3.56 
] 
Tillering 
stage 
0.07 
0.06 
0.12 
g stage 
100% WW 
3.15 
3.59 
4.03 
3.80 
3.64 
LSD at 5% 
Heading 
stage 
0.09 
0.07 
NS 
Mean 
3.04 
3.45 
3.86 
3.85 
Milky 
Grain 
stage 
0.09 
0.07 
0.15 
N.B.: Subscript values denote the amount of nitrogen (P) in kg ha" 
and 30 kg K ha'' was also applied. 
NS: Non sianificant 
A uniform basal dose of 40 kg N 
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100%WW was recorded over GW. The increase in NR activity was observed with 
increasing phosphorus, and P40 proved better at first two sampling stages being 
equaled by P50 and recorded an increase of 35.30, 33.07 and 32.86% over control, 
however, at the final stage P60 with an increase of 35.87% over Po proved best. 
Among the various interactions, the combination 100%oWW>^ P4o with an increase of 
47.14. 47.02 and 45.75% over GWXPQ proved good over the rest of the combinations 
at all the three sampling stages. The optimum combination was at par with 
50%oWWxP4A and 100%WWxP6o at first and last sampling, however, at second 
growth stage, it was at par with GWxPeo too. Like CA activity, this enzyme activity 
also increased up to heading and then decreased towards the milky grain. 
Leaf Nitrogen Content 
The N content was increased with wastewater and maximum values were 
obtained under 100%WW with an increase of 6.92, 5.51 and 12.28% over GW (Table 
4.13b). However, at tillering and heading both concentrations of water were similar 
in response. Enhanced uptake of nitrogen with phosphorus application showed the 
synergistic effect between the two nutrients. P40 being at par with Peo at first and 
second sampling proved best while at milky grain the treatment P60 performed better, 
followed by P4oand P20, the deficient dose while the lowest value was recorded under 
Po, as expectedly. An increase of 31.31, 26.97 and 40.42%) was recorded under P40 
over the control. The combinafion 100%oWWxP4o proved optimum at first and last 
stage giving an increase of 40.94 and 65.00% over GWXPQ. At former it recorded 
similar response to 50%)WWxP6o and 100%WWxP6o while at the last sampling it was 
at par with 100%WWxP6o. 50%)WWxP4o and GWxP^o. Nitrogen content decreased 
with the increase in the age of the plant. 
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Leaf Phosphorus C'ontent 
A significant increase was also observed in phosphorus content of the plants 
irrigated with wastewater (Table 4.14a). 100%WW as well as 50%WW perfomied 
differently at tillering and heading stages, whereas at milky grain both were at par. 
The former water treatment gave an increase of 9.12, 6.19 and 7,17% over GW at 
three successive stages. As expected, the phosphuius content responded W'ell to 
application of phosphorus fertilizer with 40 kg P ha'' (P40) being at par with Peo at 
heading and milky grain, proved to be optimum while the treatment P20 was deficient. 
The optimum treatment recorded an increase of 38.66, 40.19 and 37.25% over PQ. 
However, at tillering Peo recorded an increase of 42.98% over control, followed by 
P40. The combination of 100%WW with P40 proved optimum at all the three 
samplings, recording an increase of 53.05, 50.50 and 50.79% over G W X P Q . At 
tillering, the optimum combination was at par with 100%WWxP6o whereas, at 
heading it produced values which were at par with OWXP^Q. At last sampling stage, it 
showed the statistically similar effects with GWxP^o, 100%WWxP4o, 50%WWxP4o 
and 50%WWxp6o which in turn was at par with 100%WWxP6o. Other treatments 
like, GWXP40 and 100%\V\VxP2o were also at par at milky grain. Like nitrogen 
content, phosphorus content also decreased with increase in age of the plants. 
Leaf Potassium Content 
The potassium content also responded well to the wastewater with maximum 
recorded under 100%WW. An increase of 7.42, 8.24 and 7.58% was observed under 
this treatment (Table 4.14b). Potassium content was also significantly affected by 
phosphorus with Pgo recording the maximum values giving an increase of 34.90, 
40.84 and 33.89% over Po at three sampling stages, followed by P40 which was at par 
with ?(,o at milky grain and P20 was deficient while PQ recorded lowest K-content. 
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Table 4.14 Effect of GW, 50%WW and 100%WW on (a) leaf phosphorus (%) and (b) 
leaf potassium content (%) of wheat (Triticum aestivum I.,.) grown under different 
levels of phosphorus at tillering, heading and milky grain stages. 
Treatments 
/Water 
Po 
P20 
l'40 
Mean 
Po 
P20 
P40 
PbO 
Mean 
GW 
0.443 
0..503 
0.591 
0.656 
0.548 
GW 
0.378 
0.435 
0.512 
0,572 
0.474 
(a) Leaf Phosphorus Content 
Tillering stage Heading stage 
50% WW 
0.464 
0.542 
0.658 
0.660 
0.581 
100% WW 
0.483 
0.561 
0.678 
0.671 
0.598 
Milky Grain stage 
50% WW 
0.401 
0.476 
0.565 
0.558 
0.500 
100% WW 
0.422 
0.498 
0.570 
0.541 
0.508 
Mean 
0.463 
0.535 
0.642 
0.662 
Mean 
0.400 
0.470 
0.549 
0.557 
GW 
0.398 
0,463 
0.553 
0.591 
0.501 
Water 
Phosphorus 
Interaction 
50%WW 100%WW 
0,407 0,435 
0.491 0.522 
0.584 0.599 
0.578 0.572 
0.515 • 0.532 
LSD at 5% 
Tillering Heading 
stage stage 
0.007 0.008 
0,006 0,007 
0.011 0.014 
Mean 
0.413 
0.492 
0,579 
0.580 
Milky 
Grain 
stage 
0,011 
0,009 
0,018 
1 reatments 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P40 
P60 
Mean 
GW 
3.30 
3,62 
4,08 
4.65 
3.91 
GW 
2.82 
3.22 
3,64 
4.05 
3,43 
Tillering 
(b) 
stage 
50%WW 100%WW 
3,41 
3,76 
4,50 
4,56 
4,06 
3.53 
3,94 
4.74 
4.60 
4,20 
Milky Grain stage 
50% WW 100%WW 
3.00 
3.40 
3,95 
3.96 
3.58 
3,11 
3.57 
4.12 
3,96 
3,69 
Leaf Potassium Content 
Mean 
3.41 
3.77 
4,44 
4,60 
Mean 
2,98 
3.40 
3,90 
3,99 
GW 
2,95 
3,35 
3,84 
4.42 
3,64 
Water 
Phosphoms 
Interaction 
Headin 
50% WW 
3.13 
3,61 
4.20 
4,38 
3.83 
Tillering 
stage 
0.09 
0,08 
0,15 
ig stage 
100% WW 
3.23 
3.76 
4,43 
4,34 
3,94 
LSD at 5% 
Heading 
stage 
0,10 
0,09 
0,17 
Mean 
3.11 
3,57 
4.16 
4,38 
Milky 
Grain 
stage 
0.10 
0.08 
0.16 
N.B.: Subscript values denote the amount of nitrogen (P) in kg ha' , A unifonn basal dose of 40 kg N 
and 30 kg K ha'' was also applied. 
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Among various interactions. 100%WWxP4o proved best giving an increase of 43.64, 
50.17 and 46.10% over GWxPo. At tillering. GWxP ,^,, and 100%WWxP6o were 
similar in their effect with the optimum combination while at next two stages besides 
the above mentioned combinations, 50%WWxP(,o was also at par with them. Leaf 
potassium content also decreased with increase in plant age. Among the three 
^ I .z»*>-i£_^r-» t o I/' xiirtn + V m » - » ' ^ +^ V..'-. v v . r i X. i ,..-. . 1 . - « ^ . ^ 11 .^-. . . '^ J l ^ , . X T . , . - J O 
eiemCiiuo, iv wtio iwunu LU UV, iiia.Miiiuiii, i u i i u w t u uy IN a i iu r . 
7bto/ Chlorophyll Content 
Wastewater proved superior to ground water in increasing the photosynthetic 
pigments of leaves with ]00%WW giving an increase of 9.80, 14.22 and 10.10% over 
GW at the three sampling stages (Table 4.15a). However, at first and last stage, 
50%WW and GW were at par. Here also the plants response to phosphorus 
application yielded significant results with Peo recorded maximum values showing an 
increase of 29.93, 36.51 and 39.41% over PQ. However, at last sampling, Pgo and P40 
showed similar effect. Among various interactions, 100%WWxP4o proved optimum, 
recording an increase of 48.33 and 57.67% over GWXPQ at heading and milky grain, 
respectively. A^ t former stage, it was at par Vv'ith 100%W^W x^Pgy^  however, at later, it 
was followed by 100%WWxP6o, 50%WWxp.o, GWxP^o and 50%WWxP4o. 
Chlorophyll content increased only up to heading and then it decreased. 
Photosynthetic Rate 
Wastewater also proved effective in increasing photosynthetic rate with 
maximum values recorded for 100%WW (Table 4.15b). The plants under this 
treatment recorded an increase of 7.9i, 9.20 and 13.35% over control. However, at 
heading 50%WW could not perform better then GW and were statistically similar in 
effect. Application of phosphorus significantly influenced this parameter and Peo 
gave the best results giving an increase of 25.26, 42.16 and 51.29% over PQ, followed 
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Table 4.15 Effect of GW, 50%WW and 1()0%WW on (a) chlorophyll content (mg g'' 
fresh mass) and (b) photosynthetic rate (mnol CO2 m' s"') of wheat (Triticum 
aestivum L.) grown under different levels of phosphorus at tillering, heading and 
miikv erain staues. 
Mean .53 
I reatments 
/ W a t e r 
Pn 
P2.. 
P40 
PGO 
GW 
1 33 
1,47 
1.60 
1.70 
Tillerin 
50% WW 
1,37 
1.50 
1.63 
1.73 
ig stage 
(a) Chlorophyll Content 
100% WW Mean 
1,40 
i.57 
1.83 
1.90 
1,37 
1.51 
1.69 
1.78 
GW 
1.80 
1.93 
2.20 
2.50 
Headin 
50%) WW 
1.90 
2.20 
2.43 
2.50 
g stage 
100% WW 
1.97 
2.27 
2.67 
2.73 
Mean 
1.89 
2.13 
2.43 
2.58 
1.56 1.68 2.11 2.26 2.41 
Milky Grain stage LSD at 5% 
Mean 
GW 50%WW 100%WW Mean 
Po 
P20 
P40 
P60 
1.63 
1.83 
2.13 
2.33 
1.70 
1.87 
2.30 
2.38 
1.77 
1.97 
2.57 
2.40 
1.70 
1.89 
2.33 
2.37 
1.98 2.06 2.18 
Tillering Heading „ . 
° ^ ° Grain 
stage stage 
^ ^ stage 
Water 0.08 
Phosphorus 0.07 
Interaction NS 
0.07 
0.06 
0.12 
0.08 
0.07 
0.14 
Treatments 
/Wafpr 
Po 
P20 
P40 
P60 
Mean 
P(. 
P20 
P40 
P60 
Mean 
GW 
12.13 
13.10 
14.43 
15.80 
13.87 
GW 
7.30 
10.47 
12.20 
13.80 
10.94 
Tillerin 
50% WW 
12.87 
13.30 
15.13 
15.80 
14.28 
(b) Photosynthetic Rate 
g stage 
100%WW 
13.00 
14.67 
16.20 
16.00 
14.97 
Milky Grain stage 
50% WW 
9.50 
10.50 
13.60 
13.07 
11.67 
100%WW 
10.00 
11.83 
14.10 
13.67 
12.40 
Mean 
12.67 
13.69 
15.26 
15.87 
Mean 
8.93 
10.93 
13.30 
13.51 
GW 
13.57 
15.90 
17.23 
22.00 
17.18 
Water 
Phosphorus 
Interaction 
Headin 
50% WW 
14.20 
16.83 
19.10 
18.50 
17.16 
] 
Tillering 
stage 
0.21 
0.18 
0.36 
g stage 
100%WW 
15.50 
17.00 
21.53 
21.00 
18.76 
LSD at 5%o 
Heading 
stage 
0.24 
0.21 
0.42 
Mean 
14.42 
16.58 
19.29 
20.50 
Milky 
Grain 
stage 
0.23 
0.20 
0.39 
N.B.: Subscript values denote the amount of nitrogen (P) in kg ha" , A uniform basal dose of 40 kg N 
and 30 kg K ha"' was also applied. 
NS: Non significant 
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by F40 and the deficient dose. P20. Po gave the lowest values, as expectedly. The 
combuiation of 1()0%WW together with P4() yielded optimum values at tillering and 
milky grain giving an increase of 33.55 and 93.15% over GW^Po. The optimum 
combination was at par with 100%WWxP6o at former stage while at later stage it was 
at par with GWxP ,^) which in turn was statistically similar with 100%WWxPf,o and 
50%WWxP4Q. However, at heading GV/xPoo gave the maximum value, followed by 
IOO%WWxP4o. Photosynthetic rate first increased from tillering to heading and 
thereafter declined towards milky grain. 
Stomatal Conductance 
Stomatal conductance also responded positively to the application of 
wastewater and the maximum values were observed under 100%WW which gave an 
increase of 25.26, 22.45 and 10.45% over GW at three samplings, respectively (Table 
4.16a). However, at milky grain, 50%WW and GW were statistically equal. Among 
phosphorus doses, Peo proved the best at first two sampling stages giving an 
increase of 151.64 and 153.77% over PQ. However, at last sampling, P40 recorded an 
increase of 49.09% followed by P60, P20 and Po respectively. The combination 
100%WWxP4A proved to be optimum which gave an increase of 172.17, 209.84 and 
84.47% over GWXPQ at successive stages. At tillering the optimum combination was 
at par with 100%WWxPf,o on one hand and on another it showed similar effect with 
50%\VWxP(,o and GWXP^Q whereas at heading, it v/as at par with GWxP^o, followed 
by 100%WWxP(,o. Like photosynthetic rate, stomatal conductance was found 
maximum at heading and at milky grain it decreased. 
Water Use Efficiency (WUE) 
Like other photosynthetic parameters, WUE was also positively influenced by 
the application of wastewater. Percent increase recorded under 100%WW was 13.14, 
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Table 4.16 Effect of GW. 50%WW and 100%WW on (a) stomatal conductance (mol 
m'^  s' ) and (b) water use efficiency (WUE) of wheat {Triticum aestivum L.) grown 
under different levels of phosphorus at tillering, heading and milky grain stages. 
Treatments 
/Wafer 
Mean 
Po 
P20 
P40 
Peo 
Mean 
GW 
0.115 
0.135 
0.210 
0.300 
0.190 
GW 
0.103 
0.117 
0.151 
0.166 
0.134 
Tillerin 
50% WW 
0.122 
0,147 
0.280 
0.303 
0.213 
(a) 
ig stage 
100% WW 
0.129 
0 192 
0.313 
0.318 
0.238 
Milky Grain stage 
50% WW 100% WW 
0.111 
0.132 
0.152 
0.132 
0.132 
0.116 
0.144 
0.190 
0.141 
0.148 
1 Stomata 
Mean 
0.122 
0,158 
0.268 
0.307 
Mean 
0.110 
0.131 
0.164 
0.146 
il Conductance 
GW 
^" 0.183^ 
0,253 
0.364 
0.570 
0.343 
Water 
Phosphorus 
Interaction 
Headin 
50% WW 
0.215 
0.295 
0.488 
0.500 
0.375 
Tillering 
stage 
0.008 
0.007 
0.013 
Ig stage 
100% WW 
0.238 
0,330 
0.567 
0.545 
0.420 
LSD at 5% 
Heading 
stage 
0.007 
0.006 
0.012 
Mean 
0.212 
0293 
0.473 
0.538 
Milky 
grain 
stage 
0.005 
0.004 
0.008 
Treatments 
/Wntpr 
Po 
P20 
P4O 
P60 
Mean 
Po 
P20 
P40 
P60 
Mean 
GW 
0.190 
0.221 
0.301 
0.384 
0.274 
GW 
0.131 
0.1 76 
0.194 
0.210 
0.178 
Tillerin 
(b) Water Use Efficiency 
g stage 
50% WW 100%WW 
0.206 
0.232 
0.336 
0.340 
0.279 
0.216 
0.277 
0.380 
0.365 
0.310 
Milky Grain stage 
50% WW 
0.151 
0.184 
0.199 
0.202 
0.184 
100% WW 
0.162 
0.190 
0.216 
0.208 
0.194 
Mean 
0.204 
0.243 
0.339 
0.363 
Mean 
0.148 
0.183 
0.203 
0.207 
GW 
0.288 
0.354 
0.437 
0.490 
0.392 
Water 
Phosphonis 
Interaction 
Heading stage 
50% WW 
0.298 
0.387 
0.480 
0.500 
0.416 
100% WW 
0.331 
0.411 
0.530 
0.514 
0.447 
LSD at 5%) 
Tillering 
stage 
0.008 
0.007 
0.013 
Heading 
stage 
0.011 
0.009 
0.018 
Mean 
0.306 
0.384 
0.482 
0.501 
Milky ^^ 
grain 
stage 
0.006 
0.005 
0.010 
N.B.: Subscript values denote the amount of nitrogen (P) in kg ha" . A uniform basal dose of 40 kg N 
and 30 kg K ha"' was also applied. 
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14.03 and 8.99 over GW (lable 4.16b). However, at first and last sampling, 50%WW 
and GW were at par. Poo gave an increase of 77.94, 6.3.73 and 39.87% over Po and 
was at par with Pau at milky grain. Among various interactions, here also 
100%WWxP4o proved to be optimum which gave an increase of 100.00, 84.03 and 
64.89% over GWxP(,. At tillering, it was at par with GWxP6o whereas at heading, 
1 nno/^\A/ \ \ /X P^/, \X7QC ctt r\ar \x/ittl rvr \ t imiifn r»r\TnKinQtir»n T-tr\'vx;»^'\/^r ctf t~ni]\^\r rrroir* 
100%WWxP4o, GWxP^o and 100%WWxP6o showed statistically similar effects. 
WUE also followed the trend similar to other photosynthetic parameters, recording 
maximum at heading and declining thereafter. 
4.2.3 Yield and Quality Parameters 
Ear Number Plant' 
Significantly higher numbers of ears were produced by plants irrigated with 
wastewater (Table 4.17a). Both the concentrations of wastewater were at par and an 
increase of 15.77% was recorded under 100%)WW whereas 50%)WW marked an 
increase of 11.77% over GW. Phosphorus application also influenced ear production 
\x/itl-i m Q v i r m t i - n A/QJiif^  rt^nnrAf^A nnrl^^r T^, ^  n-i\nr\rr Qn inr«r^QC*=» o f 7 1 OO^/r, r^^rf^r P ^ 
foUowerl closelv bv P/tn. whereas Pon nroved to be deficient do.se. The combination of 
_ . . — ^ , ^ _ - ^ ^ ^ . . _ ^ ^ J . — . — . _ — _ . - . — 
100%WW and P40 proved to be optimum, being at par with GWxPgo, 100%oWWxP6o 
and 50%WWxPf,o. 
Ear Weight Plant' 
Wastewater proved effective in producing the heavier ears with maximum 
value recorded under 100%oWW which gave an increase of 10.75%o over GW (Table 
4.17b). However, 100%WW was at par with 50%)WW and the latter recorded an 
increase of 6.76%. Among phosphorus doses, P60 marked an increase of 47.95%), 
followed by P40 recording an increase of 38.32%) whereas P20 proved deficient and the 
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Table 4.17 Effect of GW. 50%WW and 10()%WW on (a) ear number plant'', (b) ear 
weight (g plant"'), (c) length ear"' (cm), (d) spikelet number ear"', (e) grain number 
ear"' and (f) 1000 grain weight (g) of wheat (Triticum aestivum L.) grown under 
different le\els of ohosDhorus at tillerine, headine and milkv erain stages. 
Treatments 
/Water 
P40 
^ 6 0 
Mean 
Po 
P20 
P40 
PfiO 
Mean 
GW 
3.00 
3.67 
4.33 
6.00 
4.25 
GW 
10.40 
10.93 
11.30 
13.03 
11.42 
(a) Ear 
50%WW 
3.67 
4.00 
5.33 
6.00 
4.75 
Number 
100% WW 
3.67 
4.33 
6.00 
5.67 
4.92 
(c) Length Ear"' 
50% WW 100%WW 
10.57 
11.10 
11.77 
12.37 
11.45 
10.73 
11.37 
12.97 
12.90 
11.99 
Mean 
3.44 
4.00 
5.22 
5.89 
Mean 
10.57 
11.13 
12.01 
12.77 
GW 
4.62 
5.12 
6.07 
7.28 
5.77 
Water 
Phosphorus 
Interaction 
(b) Ear 
50% WW 
4.96 
5.67 
6.85 
7.18 
6.16 
Ear 
number 
plant"' 
0.20 
0.17 
0.34 
Weight 
100% WW 
5.05 
5.98 
7.32 
7.20 
6.39 
LSD at 5% 
Ear 
weight 
plant"' 
0.26 
0.23 
0.45 
Mean 
4.88 
5.59 
6.75 
7.22 
Length 
ear"' 
0.35 
0.30 
0.59 
Treatments 
/Water 
Po 
P20 
P40 
P60 
Mean 
Po 
P20 
P.U) 
p 
I 60 
Mean 
GW 
13.67 
15.33 
17.33 
20.00 
16.58 
GW 
39.90 
40.87 
41.22 
42.86 
41.21 
(d) Spikelet Number 
50% WW 100%WW 
14.67 
16.33 
18.33 
19.67 
17.25 
15.33 
17.00 
20.33 
20.00 
18.17 
(f) 1000 Grain Weight 
50% WW 
40.36 
41.07 
41.72 
42.73 
41.47 
100%WW 
40.68 
41.15 
42.97 
42.98 
41.95 
Mean 
14.56 
16.22 
18.67 
19.89 
Mean 
40.32 
41.03 
41.97 
42.86 
GW 
30.33 
33.33 
34.67 
42.67 
35.25 
Water 
Phosphoais 
Interaction 
(e) Grain 
50% WW 
31.33 
33.67 
37.00 
42.00 
36.00 
1 
Spikelet 
number 
plant"' 
0.65 
0.56 
1.10 
Number 
100%WW 
33.00 
34.33 
43.00 
42.33 
38.17 
LSD at 5% 
Grain 
number 
ear"' 
1.81 
1.57 
3.06 
Mean 
31.56 
33.78 
38.22 
42.33 
1000 
grain 
weight 
0.36 
0.31 
0.62 
N.B.: Subscript values denote the amount of nitrogen (P) in kg ha" . A unifonn basal dose of 40 kg N and 
30 kg K ha"' was also applied. 
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lowest \alue was recorded under Po. The combination of 100%WWXP4Q proved to be 
optimum giving an increase of 58.44%. being at par with 100%WWxP5o, GWxP6o 
and50%W\VxP(,(). 
Length Eaf 
100%WW proved efficacious in improving the ear length by recording an 
increase of 4.99% over GW (Table 4. !7c). However, 50%oWW and GW were at par. 
The ear length increased with the increase in phosphorus doses up to Pso giving an 
increase of 20.81% over Po, followed by P40 whereas P20 proved to be deficient. 
Among the various interactions, the combination of 100%)WW together with P40 
proved to be optimum, recording an increase of 24.71%) over GWXPQ. GWXP6O and 
100%WWxP6() were statistically similar to the optimum combination. Other 
combinations like, GWXP40 and 100%)WWxP2o were also at par. 
Spikelet Number Ear' 
Under wastewater irrigation spikelet formation was enhanced as compared to 
the plants imgated with groundwater (Table 4.17d). The percent increase of 9.59 
over GW was recorded under 100%oWW. Even 50%WW performed better than GW 
marking an increase of 4.04%. Among phosphonis doses, Peo application produced 
36.61 % more spikelets over Po, followed by P40 which gave an increase of 28.23%) 
and P20 proved to be deficient. Among the interactions, 100%oWWxP4o again proved 
to be optimum and registered an increase of 48.72%) over GWXPQ, and was at par with 
GWxpfio, 100%WWxP6oand 50%WWxP6o. It was also observed that GWXP40 was at 
par with 100%WWxP2o showing the utility of wastewater as a source of phosphorus. 
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Grain Number Eur' 
Wastewater application enhanced the number of grains per ear (Table 4.17e). 
An increase of 8.28% and 2.13% was show-n by 100%WW and 50%oWW, 
respectiv eh'. Grain formation increased with the increase in phosphorus treatment as 
Pfio recorded the maximum value giving an increase of 34.13% over Po, followed by 
Pjo and P20 respectively. However, among the interactions, P40 along with 100%W\V 
proved to be optimum giving an increase of 41.77% over GWXPQ. The optimum 
combination was statistically similar with GWxP^o, 100%WWxP60 and 50%WWxP(,o, 
thus indicating towards the effectiveness of the nutrients present in wastewater. 
WOO Grain Weight 
Grains of plants irrigated with wastewater attained more weight over the 
grains of plants irrigated with groundwater (Table 4.1 If). 1.80 and 0.63 was the 
percentage increase observed in the grain weight of the plants irrigated with 
100%)WW and 50%oWW, respectively. However, 50%WW was statistically similar 
with GW. More 1000 grain weight was obtained with the higher dose of phosphorus, 
thus Pgo recorded the m.axim.imi value, giving an increase of 6.30%o over Po, followed 
by P40 and P2o. Among various interactions, 100%oWWxP^n proved ontim.um. and 
registered an increase of 7.69% over GWXPQ. The optimum combination was at par 
with ]00%WWxP5o, GWxP(,o and 50%WWxP6o. Among other combinations, 
GWXP40 and 100%WWxP2o; GWxPjo and 100%WWxPo were also at par. 
Grain Yield Plant' 
Along with growth and yield parameters wastewater also enhanced the grain 
yield of the plants and the two concentrations performed differently (Table 4.18a). 
100%WW gave an increase of 12.39% whereas an increase of 5.83%) was shown by 
50%oWW over GW. Like other yield parameters, phosphorus application significantly 
Table 4.18 Effect of GW. 50%WW and 100%WW on (a) grain yield (g plant''), (b) 
straw yield (g plant"'), (c) biological yield (g plant"'), (d) carbohydrate content (%) 
and (e) protein content (%) of wheat {Triticum aestivitm L.) grown under different 
ieveis of phosphorus at tillerinu. heading and milkv erain stages. 
freatments 
/Water 
Po 
P20 
PiO 
P50 
Mean 
Po 
P20 
P.,0 
P60 
Mean 
GW 
4.06 
4.94 
5.90 
7.06 
5.49 
GW 
9.30 
11.34 
13.62 
17.18 
12.86 
(a) Grain Yield 
50% WW 100% WW 
4.50 
5.32 
6.51 
6.93 
5.81 
4.87 
5.63 
7.12 
7.08 
6.17 
(c) BiologicalYield 
50% WW 
10.20 
12.77 
15.77 
17.15 
13.97 
100% WW 
10.94 
13.22 
17.89 
17.31 
14.84 
Mean 
4.47 
5.29 
6.51 
7.02 
Mean 
10.15 
12.44 
15.76 
17.21 
GW 
5.25 
6.40 
7.72 
10.12 
7.37 
Water 
Phosphorus 
Interaction 
(b) Straw Yield 
50%) WW 
5.70 
7.46 
9.26 
10.22 
8.16 
Grain 
yield 
0.26 
0.22 
0.43 
100% WW 
6.07 
7.59 
10.77 
10.23 
8.66 
LSD at 5% 
Straw 
yield 
0.52 
0.45 
0.87 
Mean 
5.67 
7.15 
9.25 
10.19 
Biologic 
al yield 
0.62 
0.54 
1.05 
Treatments 
/Water 
Po 
P20 
P40 
Peo 
Mean 
(d) Carbohydrate Content 
GW 50% WW 100%WW Mean 
74.09 74.26 
74.89 75.24 
76.57 77.60 
78.01 77.92 
75.89 76.25 
74.88 
75.86 
77.89 
77.76 
76.60 
74.41 
75.33 
77.35 
77.90 
GW 
11.30 
12.03 
13.17 
13.86 
12.59 
(d) Protein Content 
50% WW 
11.56 
12.32 
13.37 
13.80 
12.76 
100%WW 
11.39 
12.94 
13.90 
13.72 
12.99 
Mean 
11.42 
12.43 
13.48 
13.79 
LSD at 5% 
v^aiuuiiyuiciic 
content content 
Water 
Phosphorus 
Interaction 
0.38 
0.32 
0.64 
0.26 
0.23 
0.45 
N.B.: Subscript values denote the amount of nitrogen (P) in kg ha 
ha ' was also applied. 
A uniform basal dose of 40 kg N and 30 kg K 
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affected ihe grain yield which was recorded maximum under the highest dose i.e. Pgo 
giving an increase of 57.05% over PQ, followed by P40 which recorded an increase of 
45.64% while P2(i proved to be deficient and the lowest yield was obtained under PQ. 
However, the combination of 100%WW together with P40 proved to be optimum, 
recording an increase of 75.37% over GW^PQ and it was at par with 100%WWxP6o. 
GWxP(,() and 50%)WWxP^n. highlighting the im_portance of wastewater as a source of 
phosphorus. 
Straw Yield Plant'' 
Wastewater application significantly affected the production of straw (Table 
4.18b). Both 100%WW and 50%WW proved equally effective and the former 
recorded an increase of 17.50% over GW. Among the fertilizer doses, Peo again 
recorded the maximum value giving an increase of 79.72% over PQ, followed closely 
by P40, whereas P20 proved to be the deficient dose. Among the interactions, 
100%)WWxP4o proved to be optimum, recording an increase of 105.14%) over 
GWxPo, and its value was at par with GWxP6o,50%WWxP6o and 100%WWxP6o. 
Biological Yield Plant'' 
Increase in biomass accumulation was observed significantly more in plants 
irrigated with wastewater as compared to groundwater irrigated plants (Table 4.18c). 
Both 100%WW and 50%WW performed differently, giving an increase of 15.40% 
and 8.63% over GW respectively. Among the phosphorus treatments, as expectedly, 
P60 performed better than other doses, followed by P40 and P20 respectively. Peo gave 
an increase of 69.56%) over PQ. However, the interaction of 100%)WW and P40 proved 
to be the best being at par with 100%WWxP^o, 50%WWxP6o and GWxP^o and 
showed an increase of 92.37% over GWxPg. 
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Total C 'arhohydrate Content 
Wastewater also proved superior over groundwater in increasing the total 
carbohydrate content of the grains (Table 4,18d). 100% WW and 50% WW were 
similar in effect and recorded an increase of 0.94% and 0.47% over GW, respectively. 
However, the later was also at par with GW. Among the phosphorus doses, the 
maximum value was recorded under P50 which gave an increase of 4.69%, followed 
by P40 and Pio- The lowest value was recorded under PQ. The combination of 
100%WWxP4o proved to be optimum and recorded 5.13% increase over control. It 
was at par with 100%WWxP6o, 50%WWxP6o, GWxPgo and 50%WWxP4o. 
Total Protein Content 
Protein content of grains obtained with wastewater was also enhanced (Table 
4.18e). Both the concentrations of wastewater were similar in effects and an increase 
of 3.18 and 1.35% over GW was recorded under 100%WW and 50%WW, 
respectively, however, the later was also at par with GW. Protein content of grains, 
increased with the increase in fertilizer dose, thus recorded maximum at Peo which 
gave an increase of 20.75%, followed closely by P40 which gave an increase of 
18.04% and P20 gave significantly lower value, however, the lowest was recorded 
under PQ. Among various interactions, 100%WWxP4o proved to be optimum and 
gave the percent increase of 23.01 over GWXPQ. It was at par with 100%WWxP5o 
and GWxPf,{). 
4.3 Experiment 111 (Wastewater and Potassic Fertilizer) 
The design of this experiment was also complete randomized block design and 
the water treatments in this experiment were also the same as in Experiment I and II 
but in this experiment four different levels of potassium (KQ, K15, K30, K45) along with 
the basal application of Ngo and P40 were applied on the same crop viz. wheat. All the 
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growth, physiological, yield and quality parameters studied earlier were observed in 
this experiment also. Only the significant data is briefly described below. 
4.3.1 Growth Parameters 
Leaf Number Plant' 
It was significantly affected under different water treatments at all three 
^1 u vv til :>La.^\^o vviiv^iu i i i aAi i i iu i i i vciiuu w a o iv\^wiu.v^u. uiiv^vi i w w / u v v vv vviiii ctii iiiwiv^ciov 
of 13.20, 12.74 and 15.79% over GW (Table 4.19a). The potassium dose K45 proved 
best in increasing the leaf number at earlier two sampling stages while at last stage the 
treatments K45 and K30 were at par. K45 registered an increase of 51.75, 42.38 and 
47.73% over KQ at successive stages. Among interaction the combination, 
100%WWxK3o proved optimum giving an increase of 57.80% over GWXKQ at 
heading. This combination was at par with 100%WWxK45 and 50%WWxK45 which 
in turn was statistically similar to 50%WWxK3o. Leaf number increased only up to 
heading and then it decreased. 
Tiller Number Plant'' 
vv CAOtv^  vv cil.^^1 1 V.'LCJUII tv^xa 111 tiiv.' Ml x.'x.n.iv^iiv.'ii yJi iiix.yiv.' m i w u i i i VVXIV^CIL \.y V VI ^ 1 v.^\.iiiv.i 
water (Table 4.19b). An increase of 16.75, 17.32 and 14.93% was recorded under 
100%WW at three stages, respectively. However, 50%)WW and GW were similar in 
effect at all the three growth stages. Among the potassium doses, K45 recorded the 
maximum value, followed by K30 and K15. An increase of 84.43, 70.27 and 70.27%) 
was shown by K45 over KQ. Among the interactions, 100%WWxK3o proved to be 
optimum giving an increase of 112.36, 100.00 and 100.00% over GWXKQ at the three 
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Table 4.19 Effect of GW, 50% WW and 100% WW on (a) leaf number and (b) tiller 
number plant" of wheat [Triticum aestivum L.) grown under different levels of 
potassium at tillering, heading and milky grain stages. 
1 reatments 
K30 
K-45 
Mean 
K,5 
K.30 
K45 
Mean 
GW 
12.00 
14.67 
17.67 
19.00 
15.83 
GW 
11.00 
13.33 
15.67 
17.00 
14.25 
Tillerin 
50% WW 
13.00 
15.00 
18.67 
19.00 
16.42 
g stage 
100% WW 
13,67 
17.33 
20.00 
20.67 
17.92 
Milky Grain stage 
50% WW 100%WW 
12.33 
14.33 
18.00 
18.00 
15.67 
13.00 
15.33 
19.00 
18.67 
16.50 
(a) Leaf Number 
Mean 
12.89 
15.67 
18.78 
19.56 
Mean 
12.11 
14.33 
17.56 
17.89 
GW 
15.00 
17.67 
21.00 
22.00 
18.92 
Water 
Potassium 
Interaction 
Headin 
50% WW 
16.00 
19.67 
22.33 
23.00 
20.25 
Tillering 
stage 
0.77 
0.67 
NS 
ig stage 
100%WW 
17.00 
21.33 
23.67 
23.33 
21.33 
LSD at 5% 
Heading 
stage 
0.40 
0.35 
0.68 
Mean 
16.00 
19.56 
22.33 
22.78 
Milky 
Grain 
stage 
0.71 
0.61 
NS 
Treatments 
/Wntpr 
Ko 
K|5 
K30 
K45 
Mean 
Ko 
K|5 
K30 
K4S 
Mean 
GW 
2.67 
3.33 
4.67 
5.33 
4.00 
GW 
3.00 
4.00 
5.00 
5.67 
4.42 
Tillerin g stage 
50% WW 100%WW 
3.00 
4.00 
4.67 
5.00 
4.17 
3.00 
4.33 
5.67 
5.67 
4.67 
Milky Grain stage 
50%WW 
3.33 
4.33 
5.33 
5.33 
4.58 
100%WW 
3.67 
4.67 
6.00 
6.00 
5.08 
(b) Tiller Number 
Mean 
2.89 
3.89 
5.00 
5.33 
Mean 
3.33 
4.33 
5.44 
5.67 
GW 
3.00 
3.67 
5.00 
5.67 
4.33 
Water 
Potassium 
Interaction 
Headin 
50% WW 
3.33 
4.33 
5.00 
5.33 
4.50 
Tillering 
stage 
0.19 
0.16 
0.32 
ig stage 
100%WW 
3.67 
4.67 
6.00 
6.00 
5.08 
LSD at 5% 
Heading 
stage 
0.20 
0.17 
0.34 
Mean 
3.33 
4.22 
5.33 
5.67 
Milky 
Grain 
stage 
0.19 
0.17 
0.33 
N.B,: Subscript values denote the amount of nitrogen (K) in kg ha A uniform basal dose of 80 kg N and 40 kg P 
ha"' was also applied. 
NS: Non significant 
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samplings respectively. At tillering, it was at par with 100%WWxK45, however, at 
later two stages, GWXK45 was also statistically similar to the optimum combination. 
Tiller number also increased up to heading, thereafter its production was more or less 
arrested. 
Fresh Mass Plant' 
Wastewater proved efficacious in increasing the plant fresh mass and an 
increase of 16.03, 11.37 and 14.91% was recorded under 100%WW, followed by 
50%WW which also proved better than GW (Table 4.20a). An increasing trend in the 
fresh mass with potassium doses was also observed and the maximum values were 
recorded under K45 which gave an increase of 36.86, 33.01 and 35.03% over KQ. 
However, at heading K45 and K30 were similar in effects followed by lowest dose K15, 
which proved deficient. Like leaf and tiller number, 100%WWxK3o proved to be the 
best combination which recorded an increase of 59.17, 56.22 and 58.12% over 
GWXKQ. At tillering, it was at par with 100%)WWxK45, while at heading with 
100%WWxK45 and 50%WWxK45. The later in turn was at par with GWXK45 and 
Sn9^^W\VxTC->rv P inr? ] ]v C^^ tV»f* lacf oomr\1ir»n fK*=> r v r \ t i m n m rT\rr\\r\\r\f:\i\r\r\ ixrcic (=»/^ l^i:»lK/ 
^\J /\J ¥ T TT ' ' X ^ ^ j J l J . J. l l l C i l l V U- l . L l l ^ ' X l ^ b J I . iJL4.1 A A Ly J L l . i . > ^ ^XJL^ V / L y VIA AX 1.*^ A 1. ^ ' V AAA (^ AAAV«i.«. V ^ l A r t «,«kJ ^ ' u v t V ^ A x V 
effective to 100?^WWxK45. The fresh mass increased throuphout the prowth tieriod. 
Dry Mass Plant' 
The dry mass accumulation was also significantly affected under different 
water treatments with maximum recorded under 100%WW followed by 50%WW 
(Table 4.20b). An increase of 16.01, 15.91 and 21.94% was observed in plants 
irrigated with 100%WW. The varying potassium doses also significantly affected the 
dry mass and an increase up to K30 was observed, being at par with K45 at first and 
last sampling whereas at second stage latter dose was comparatively better. The 
treatment K15 was deficient and expectedly the lowest value was noted in plants 
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Table 4.20 Effect of GW, 50%WW and 100%WW on (a) fresh and (b) dry mass (g 
plant" ) of wheat {Triticum aestivum L.) grown under different levels of potassium at 
tillering, heading and milky grain stages. 
freatments 
/ W a t e r 
K,5 
K30 
K45 
Mean 
Ko 
K,5 
K30 
K45 
Mean 
GW 
11.12 
13,26 
14.35 
15.68 
13.60 
GW 
19.58 
24.10 
26.88 
27.13 
24.42 
Tillerin g stage 
50%WW 100%WW 
12.20 
13.98 
15.72 
16.35 
14.56 
13.00 
14.80 
17.70 
17.64 
15.78 
Milky Grain stage 
50% WW 
21.60 
25.16 
28.00 
28.81 
25.89 
100% WW 
23.25 
27.02 
30.96 
31.02 
28.06 
(a) Plant Fresh Mass 
Mean 
12.10 
14.01 
15.92 
16.56 
Mean 
21.47 
25.43 
28.61 
28.99 
GW 
14.80 
18.96 
20.82 
21.77 
19.09 
Water 
Potassium 
Interaction 
Headin 
50% WW 
17.30 
19.38 
21.71 
22.10 
20.12 
Tillering 
stage 
0.44 
0.38 
0.74 
ig stage 
100% WW 
18.08 
21.00 
23.12 
22.85 
21.26 
LSD at 5% 
Heading 
stage 
0.61 
0.53 
1.04 
Mean 
16.72 
19.78 
21.89 
22.24 
Milky 
Grain 
stage 
0.38 
0.32 
0.64 
1 reatments 
AVatpr 
Ko 
K,5 
K.30 
K45 
Mean 
Ko 
K,5 
K30 
K45 
Mean 
GW 
2.90 
3.92 
5.10 
5.34 
4.31 
GW 
6.64 
7.82 
9.12 
9.76 
8.34 
Tillering stage 
50%WW 100%WW 
3.12 
4.23 
5.55 
5.72 
4.65 
3.25 
5.00 
5.84 
5.92 
5.00 
Milky Grain stage 
50% WW 
6.96 
8.90 
10.10 
10.60 
9.14 
100% WW 
7.50 
9.02 
12.13 
12.04 
10.17 
(b) Plant Dry Mass 
Mean 
3.09 
4.38 
5.50 
5.66 
Mean 
7.03 
8.58 
10.45 
10.80 
GW 
4.70 
5.58 
6.59 
7.02 
5.97 
Water 
Potassium 
Interaction 
Headin 
50% WW 
5.21 
6.08 
7.00 
7.37 
6.42 
1 
Tillering 
stage 
0.17 
0.15 
0.30 
g stage 
100%WW 
5.37 
6.65 
7.89 
7.77 
6.92 
LSD at 5% 
Heading 
stage 
0.17 
0.15 
0.29 
Mean 
5.09 
6.11 
7.16 
7.38 
Milky 
Grain 
stage 
0.43 
0.37 
0.73 
N.B.: Subscript values denote the amount of nitrogen (K) in kg ha^ A uniform basal dose of 80 kgN and 40 kg P 
ha'' was also applied. 
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treated with KQ. The optimum dose K30 recorded an increase of 77.99, 40.67 and 
48.65% over KQ. Interactions were significant and maximum dry matter accumulation 
was observed in plants under 100%WW together with K30 proving to be optimum, 
being at par with 100%WWxK45 at all the three stages. The combination 
100%WWxK3o recorded an increase of 101.38, 67.87 and 82.68% over control, 
indicating the possible role of wastewater in accumulation of dry riiaUer in the plants 
receiving it as to source of irrigation water. The dry matter accumulation continued 
throughout the growth period and hence highest dry mass was recorded at milky 
grain. 
Leaf Area Plant'' 
As evident from Table 4.21a that plants irrigated with wastewater attained 
more leaf area. Both concentrations of wastewater performed differently at second 
and last sampling, however at first stage 100%WW and 50%WW were similar in 
effects. 100%WW recorded the maximum, giving an increase of 7.64, 11.60 and 
9.18% over GW at three stages studied. The treatment K45 registered maximum value 
giving an increase of 27.65, 42.45 and 33.50% over KQ, followed by K30 and K15 at 
last two sam.plings and at tillering K45 and K30 were at par. Among the interactions, 
100%WWxK3o proved optimum marking an increase of 52.65 and 45.82% over 
control, at heading and milky grain stage respectively. At former stage, this 
combination was at par with 100%WWxK45 and 50%WWxK45, which in turn was 
also at par with GWXK45 and 50%WWxK3o. However, at later stage, optimum 
combination was followed by 100%WWxK45, 50%WWxK45 and GWXK45, thus 
showing the suitability of wastewater to supplement the K. Leaf area increased from 
tillering to heading and then declined towards milky grain. 
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Table 4.21 Effect of GW, 50%WW and 100%WW on (a) leaf area (cm^ plant"') and 
(b) carbonic anhydrase activity [mol CO2 kg'' (leaf FM) s"'] of wheat {Triticum 
aestivum L.) grown under different levels of potassium at tillering, heading and milky 
grain stages. 
1 reatments" 
Ko 
K,5 
K30 
K45 
Mean 
Ko 
K,5 
K.30 
K45 
Mean 
GW 
147.13 
163.27 
] 83.17 
192.33 
171.48 
GW 
150.10 
179.27 
197.70 
210.60 
184.42 
Tilierin 
50% WW 
153.60 
173.40 
194.10 
197.07 
179.54 
g stage 
100% WW 
159,47 
180.30 
200.50 
198.03 
184.58 
Milky Grain stage 
50% WW 
158.24 
188.40 
206.34 
212.28 
191.32 
100% WW 
170.30 
200.13 
218.87 
216.07 
201.34 
(a) Leaf Area 
Mean 
153.40 
172.32 
192.59 
195.81 
Mean 
159.54 
189.27 
207.64 
212.98 
GW 
201.20 
230.17 
265.05 
292.22 
247.16 
Water 
Potassium 
Interaction 
Headin 
50% WW 
209.13 
240.30 
289.00 
297.02 
258.86 
Tillering 
stage 
5.79 
5.01 
NS 
ig stage 
100% WW 
219.60 
268.47 
307.13 
308.10 
275.82 
LSD at 5%, 
Heading 
stage 
7.35 
6.37 
12.41 
Mean 
209.98 
246.31 
287.06 
299.11 
Milky 
Grain 
stage 
3.47 
3.00 
5.86 
1 reatments 
Ko 
K,5 
K30 
K45 
Mean 
Ko 
K,5 
K30 
K45 
Mean 
GW 
2.87 
3.17 
3.57 
3.67 
3.32 
GW 
3.20 
3.30 
3.80 
4.00 
3.58 
(b) Carbonic Anhydrase Activity 
Tillering stage 
50%WW 100%WW 
2.93 
3.37 
3.73 
3.80 
3.46 
3.03 
3.50 
3.80 
3.83 
3.54 
Milky Grain stage ' 
50%WW 100%WW 
3.33 
3.50 
4.27 
4.25 
3.84 
3.43 
3.80 
4.57 
4.52 
4.08 
Mean 
2.95 
3.34 
3.70 
3.77 
Mean 
3.32 
3.53 
4.21 
4.26 
GW 
3.60 
3.93 
4.50 
4.70 
4.18 
Water 
Potassium 
Interaction 
Headin 
50%WW 
3.73 
4.27 
4.77 
4.83 
4.40 
1 
Tillering 
stage 
0.07 
0.06 
NS' 
g stage 
100% WW 
3.87 
4.57 
5.04 
4.97 
4.61 
LSD at 5%) 
Heading 
stage 
0.09 
0.08 
0.162 
Mean 
3.73 
4.26 
4.77 
4.83 
Milky 
Grain 
stage 
0.08 
0.07 
0.142 
N.B.: Subscript values denote the amount of nitrogen (K) in kg ha . A uniform basal dose of 80 kg N and 40 kg P 
ha ' was also applied. 
NS: Non significant 
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4.3.2 Physiological Parameters 
Carbonic Anhydrase Activity 
Wastewater proved beneficial and significant differences in the CA activity 
were observed under different water treatments with maximum recorded in plants 
under 100%WW irrigation with an increase of 6.63, 10.29 and 13.97% over ground 
\A'?itpr irriontprl nlantQ at ttip tVirf<=> cijcc'^ s'iive stases fTable 4 21h^ However at 
tillering 100%WW and 50%WW were similar in effect. CA activity increased with 
increasing potassium doses up to K30 which proved optimum and gave values which 
were statistically similar with K45 and showed an increase of 25.42, 27.88 and 26.81% 
over KQ. The combination of 100%WWxK3o proved optimum being at par with 
100%WWxK45 at heading and milky grain. It recorded an increase of 40.00 and 
42.81% over GWXKQ. Other combinafions like, 50%WWxK45, 50%WWxK3o and 
GWXK45 were similar at second sampling whereas GWXK30 and 100%WW xKis 
were similar at the last stage. CA activity increased between first two stages of 
growth and then decreased towards the milky grain. 
Nitfotc Rcductciss Activity 
Wastewater also proved beneficial in enhancing the NR activity with 
100%WW proving better recording an increase of 10.90, 9.90 and 11.74% over GW 
(Table 4.22a). However, at heading it was at par with 50%WW. Potassium again at 
the rate 45 kg ha ' (K45) proved best with an increase of 36.65 and 40.49% over Ko, 
however, at milky grain it showed at par value with K30 which recorded 37.66% 
increase over Ko, while K15 was deficient and least activity was observed in KQ. 
100%WWxK3o proved to be optimum combination at all the tliree stages studied and 
recorded an increase of 47.26, 50.60 and 53.01% over GWXKQ. At tillering, this 
combination was at par with 100%)WWxK45 and 50%)WWxK45 whereas at heading it 
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Table 4.22 Effect of GW. 50%WW and 1()0%WW on (a) nitrate reductase activity 
[nmol NO2 g'' (leaf FM) h''] and (b) leaf nitrogen content (%) of wheat (Triticum 
aestivum L.) grown under different levels of potassium at tillering, heading and milky 
^rain statzes. 
Mean 
I reatnients' 
/Water 
K„ 
K,5 
K30 
K45 
GW 
290.10 
326.50 
373.60 
395.27 
Tillerin 
50% WW 
300.03 
348.80 
40S.30 
417.63 
(a): 
g stage 
100% WW 
314.73 
370.90 
427.20 
423.60 
Nitrate Reductase Activity 
Mean 
301,62 
348.73 
403.03 
412.17 
GW 
332.17 
378.23 
434.77 
490.10 
Headin 
50% WW 
350.83 
417.33 
489.60 
488.43 
g stage 
100%WW 
364.70 
438.90 
500.23 
493.37 
Mean 
349.23 
411.49 
474.87 
490.63 
346.37 368.69 384.11 408.82 436.55 449.30 
Milky Grain stage LSD at 5% 
Ko 
K45 
Mean 
GW 50% WW 100%WW Mean 
304.77 326.30 
350.43 379.20 
415.93 448.27 
436.10 453.80 
335.47 322.18 
420.50 383.38 
466.33 443.51 
461.83 450.58 
376.81 401.89 421.03 
Tillering Heading 
stage stage 
Milky 
Grain 
stage 
Water 6.35 14.80 9.57 
Potassium 5.50 12.82 8.29 
Interaction 10.72 24.98 16.15 
Treatments 
/ W a t p r 
Ko 
K,5 
K,o 
K45 
Mean 
K,5 
K45 
Mean 
GW 
3.20 
3.55 
3.95 
4.31 
3.75 
GW 
2.19 
2.74 
3.08 
3.32 
2.83 
Tillerin 
(b) 
g stage 
50%WW 100%WW 
3.29 
3.75 
4.39 
4.51 
3.98 
3.41 
3.98 
4.56 
4.51 
4.11 
Milky Grain stage 
50% WW 
2.38 
2.97 
3.51 
3.56 
3.10 
100%WW 
2.53 
3.14 
3.60 
3.57 
3.21 
Leaf Nitrogen Content 
Mean 
3.30 
3.76 
4.30 
4.44 
Mean 
2.36 
2.95 
3.39 
3.48 
GW 
2.86 
3.16 
3.70 
3.88 
3.40 
Water 
Potassium 
Interaction 
Headin 
50% WW 
3.00 
3.43 
3.95 
3.97 
3.59 
1 
Tillering 
stage 
0.09 
0.07 
0.15 
g stage 
100%WW 
3.10 
3.66 
4.12 
4.01 
3.72 
LSD at 5% 
Heading 
stage 
0.08 
0.07 
0.14 
Mean 
2.98 
3.41 
3.92 
3.95 
Milky 
Grain 
stage 
0.07 
0.06 
0.12 
N.B.: Subscript values denote the amount of nitrogen (K) in kg ha . A uniform basal dose of 80 kgN and 40 kg P 
h;i"' was also applied. 
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was statistically similar with 100%WWxK45, GWXK45, 50%WWxK3o and 
50%\VWxK45. The combinations, ]00%WWxK45 and 50%WWxK45 were again at 
par with optimum combination at last sampling. Other combinations like, GWXK30 
and iOO%WWxKi5 were also at par at all three stages. NR activity also increased 
from tillering to heading and then declined. 
/ prif hJitrfiopyi f'nntont V - o~' • ^ ' " • • • - " • * 
Like other parameters, wastewater also proved effective in increasing the leaf 
nitrogen content with maximum values recorded under 100%WW, followed by 
50%WW (Table 4.22b). The former gave an increase of 9.60, 9.41 and 13.43% over 
GW at three successive stages. Among potassium treatments, K45 proved best, 
however it was at par with K30 at heading. The former treatment recorded an increase 
of 34.55, 32.55 and 47.46% over KQ. The combination, 100%WWxK3o proved 
optimum being at par with 100%WWxK45 and 50%)WWxK45 at tillering whereas at 
heading, it was par with 100%WWxK45 which in turn was statistically similar to 
50%WWxK4s, 50%WWxK3o and GWXK45. The optimum combination was at par 
with 100%WWxK45, 50%WWxK45 and 50%WWxK3o at m.ilky grain. 100%WWxK3o 
recorded an increase of 42.50, 44.06 and 64.38% over control. The nitrogen content 
progressively decreased with growth. 
Leaf Phosphorus Content 
Wastewater also increased the phosphorus content of leaves as evident from 
Table 4.23a that 100%WW recorded an increase of 10.02, 8.22 and 9.66% over GW 
at three sampling stages, respectively. Among the various potassium doses, K45 gave 
maximum values at all the growth stages studied, showing synergistic relationship 
between the two nutrients. However, at milky grain, K45 and K30 were similar in 
effects. The former treatment recorded an increase of 40.25, 37.92 and 35.66% over 
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Table 4.23 Effect of GW, 50%WW and 100%WW on (a) leaf phosphorus (%) and (b) 
leaf potassium content (%) of wheat {Triticum aestivum L.) grown under different 
levels of potassium at tillering, heading and milky grain stages. 
1 reatments 
/Water 
Ko 
K30 
K45 
Mean 
Ko 
K,5 
K.30 
K45 
Mean 
GW 
0.452 
0.507 
0.598 
0.637 
0.549 
GW 
0.379 
0.451 
0.502 
0.532 
0.466 
Tillerin 
(a) Leaf Phosphorus Content 
g stage 
50% WW 100%WW 
0.474 
0.558 
0.661 
0.674 
0.592 
0.490 
0.578 
0.674 
0.675 
0.604 
Milky Grain stage 
50% WW 
0.403 
0.490 
0.541 
0.545 
0.495 
100% WW 
0.421 
0.505 
0.564 
0.554 
0.511 
Mean 
0.472 
0.548 
0.644 
0.662 
Mean 
0.401 
0.482 
0.536 
0.544 
GW 
0.406 
0.470 
0.546 
0.575 
0.499 
Water 
Potassium 
Interaction 
Headin 
50% WW 
0.417 
0.509 
0.583 
0.581 
0.523 
Tillering 
stage 
0.011 
0.009 
0.018 
g stage 
100% WW 
0,444 
0.534 
0.592 
0.589 
0.540 
LSD at 5% 
Heading 
stage 
0.006 
0.005 
0.010 
Mean 
0.422 
0.504 
0.574 
0.582 
Milky 
Grain 
stage 
0.009 
0.008 
0.016 
Treatments 
Ko 
K,5 
K30 
K45 
Mean 
Ko 
K,5 
K30 
K45 
Mean 
GW 
3.27 
3.70 
4.13 
4.41 
3.88 
G W 
2.79 
3.15 
3.65 
3.98 
3.39 
Tillering 
(b) Leaf Potassium Content 
stage 
50% WW 100%WW 
3.47 
3.85 
4.41 
4.55 
4.07 
3.55 
4.25 
4.63 
4.67 
4.27 
Milky Grain stage 
50%WW 100%WW 
2.98 
3.41 
4.09 
4.12 
3.65 
3.07 
3.67 
4.22 
4.15 
3.78 
Mean 
3.43 
3.93 
4.39 
4.54 
Mean 
2.94 
3.41 
3.98 
4.09 
N.B.; Subscript values denote the amount of nitrogen (K) in 
ha' was also applied. 
GW 
2.90 
3.20 
3.70 
3.95 
3.44 
Water 
Potassium 
Interaction 
Heading stage 
50% WW 
3.08 
3.57 
4.18 
4.22 
3.76 
Tillering 
stage 
0.08 
0.07 
0.13 
kg ha"'. A uniforrn basal dose 
100%WW 
3.31 
3.82 
4.38 
4.36 
3.97 
LSD at 5% 
Heading 
stage 
0.07 
0.06 
0.12 
Mean 
3.09 
3.53 
4.09 
4.18 
Milky 
Grain 
stage 
0.08 
0.07 
0.14 
of80kgNand40kgP 
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KQ. Among the interactions, 100%WW in combination with K30 proved to be 
optimum. At first and last sampling, the optimum combination was at par with 
100%WWxK45, 50%WWxK45 and 50%WWxK3o whereas at second stage, it 
produced values similar to 100%WWxK45 and 50%WWxK3o which in turn was at par 
with 50%WWxK45 and GWXK45. The best combination recorded an increase of 
49.12, 45.8! and 48.81% over control (GWxK,,). Like leaf nitrogen, leaf phosphorus 
content also decreased with the age of the plant, recording lowest at milky grain. 
Leaf Potassium Content 
Like nitrogen and phosphorus, wastewater also proved efficacious in 
increasing the leaf potassium content with maximum recorded under 100%WW thus 
proving to be a source of NPK in addition to other nutrients present (Table 4.23b). 
An increase of 10.05, 15.41, 11.50% and 4.90, 9.30, 7.67% was marked with 
100%WW and 50%)WW respectively. At all the three stages, K45 proved beneficial 
followed by K30 and K15 and recorded an increase of 32.36, 35.28 and 39.12%) over 
Ko showing the co-relation with enhanced dose. The combination of 100%WW with 
K30 proved optim.um, recording an increase of 41.59, 51.03 and 51.25/0 over GWxKo. 
It was at par with 100%WWxK45 and 50?/oWWxK45 at tillering. The latter 
combination in turn was also at par with 50%) WW XK30 and GW XK45. At heading 
and milky grain, the optimum combination was again at par with 100%) WW XK45, 
however, at later stage, it was also statistically similar to 50%)WWxK45 and 
50%WWxK3o followed by GWXK45. The decreasing trend in K content, like nitrogen 
and phosphorus was observed, with increase in age of the plants. Among the three 
elements, K was maximum, followed by N and P was lowest. 
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Toud Chlorophyll Content 
Wastewater also proved beneficial with maximum chlorophyll recorded in 
100%WW giving an increase of 10.88, 14.22 and 13.98% over GW at successive 
stages of sampling (Table 4.24a). K30 being at par with K45 at heading and milky 
grain proved optimum, however, at tillering K45 performed better than K30. while K\s 
proved deficient. An increase of 34.65, 45.03 and 38.13% was observed under 
optimum treatment. The combination of 100%WW together with K30 proved 
optimum which recorded an increase of 66.88 and 56.86%) over GWxKo at heading 
and milky grain, respectively. At both the stages, the optimum combination produced 
statistically similar values with 100%WWxK45. The combinations like 
50%WWxK3o, 50%WWxK45 and GWXK45 were also at par at the last sampling 
stage. The chlorophyll content increased from tillering to heading and then decreased 
towards milky grain. 
Photosynthetic Rate 
Photosynthetic rate was significantly affected under different water treatments 
with m.aximum values recorded under 100?'^ WW, followed by 50%\VW (Table 
4.24b). The former treatment recorded an increase of 9.15, 13.88 and 13.63% over 
GW at three stages, respectively. This parameter was also affected significantly under 
potassium treatments with K45 proving to be best, followed closely by K30, whereas 
K|5 proved to be deficient and the lowest values were recorded under KQ. K45 marked 
an increase of 24.44, 36.22 and 46.70% over KQ. The combination of comparatively 
lower dose of potassium (K30) and 100%WW proved to be optimum, recording an 
increase of 36.75, 57.36 and 76.82% over GWXKQ. The optimum combination was at 
par with 100%WWxK45 and 50%WWxK45 at all the three stages studied. However, 
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-1 Table 4.24 Effect of GW. 50%WW and 100%WW on (a) chlorophyll content (mg g 
fresh mass) and (b) photosynthetic rate (famol C02m"'' s'') of wheat (Triticum 
ueslivum L.) grown under different levels of potassium at tillering, heading and milky 
grain stages. 
Mean .47 
I reatments " 
/Wafer 
Ko 
K|5 
K45 
GW 
1.20 
1.37 
i .60 
1.70 
Tillerir 
50% WW 
1.27 
1.47 
i.73 
1.77 
ig stage 
(a) 
100% WW 
1.33 
1.53 
1.80 
1.83 
i Chlorophyll Content 
Mean 
1.27 
1.46 
i.71 
1.77 
Headin 
GW 50% WW 
1.60 
1.87 
2.27 
2.43 
1.73 
2.07 
2.50 
2.53 
g stage 
100% WW 
1.80 
2.23 
2.67 
2.60 
Mean 
1.71 
2.06 
2.48 
2.52 
1.56 1.63 2.04 2.21 2.33 
Milky Grain stage LSD at 5% 
K,5 
KJO 
K45 
Mean 
GW 50%WW 100%WW Mean 
1.53 
1.73 
2.00 
2.17 
.86 
1.60 
1.87 
2.23 
2.23 
1.98 
1.67 
2.07 
2.40 
2.34 
2.12 
1.60 
1.89 
2.21 
2.25 
Tillering Heading 
stage stage 
Milky 
Grain 
stage 
Water 0.06 0.05 0.05 
Potassium 0.05 0.04 0.04 
Interaction NS 0.094 0.089 
Treatments 
Ko 
K|5 
K30 
K.)5 
Mean 
K„ 
K,. 
K30 
K45 
Mean 
GW 
11.70 
13.30 
14.00 
14.78 
13.44 
GW 
8.50 
11.70 
13.70 
14.56 
12.11 
Tillerin 
(b) Photosynthetic Rate 
g stage 
50%WW 100%WW 
12.54 
13.70 
15.04 
15.60 
14.22 
12.96 
13.82 
16.00 
15.90 
14.67 
Milky Grain stage 
50% WW 
10.60 
12.23 
14.68 
15,00 
13.13 
100% WW 
11.35 
13.54 
15.03 
15.12 
13.76 
Mean 
12.40 
13.60 
15.01 
15.43 
Mean 
10.15 
12.49 
14.47 
14.89 
GW 
12.90 
16.07 
17.40 
18.20 
16.14 
Water 
Potassium 
Interaction 
Heading stage 
50%WW 
14.40 
16.92 
18.80 
20.23 
17.59 
] 
Tillering 
stage 
0.26 
0.22 
0.44 
100%WW 
15.62 
17.60 
20.30 
20.00 
18.38 
LSD at 5% 
Heading 
stage 
0.39 
0.34 
0.67 
Mean 
14.30 
16.86 
18.83 
19.48 
Milky 
Grain 
stage 
0.47 
0.41 
0.80 
N.B.: Subscript values denote the amount of nitrogen (K) in kg ha^T A uniform basal dose of 80 kgN and 40 kg P 
ha"' was also applied. 
NS: Non significant 
at milk) grain, it was also similar to 50%WW>;K3o and GWXK45. Photosynthelic rate 
was maximum at heading, thereafter it declined. 
Stoniatal ('onJuclance 
It was also signitlcantly affected by wastewater application (Table 4.25a). 
100%WW proved best and recorded an increase of 33.94, 18.97 and 15.22% over 
CiW. However, at last sampling stage, 50%WW and GW Vvcrc at par. Among the 
potassium doses, K45 recorded maximum, giving an increase of 103.33, 97.53 and 
63.89% over KQ, followed by K30 which marked an increase of 95.83, 86.63 and 
53.70%. Ki5 proved to be deficient and KQ registered lowest values, expectedly. The 
combination of 100%WW together with K30 proved optimum and recorded an 
increase of 158.18, 147.06 and 91.67% over G W X K Q . At tillering and heading, it was 
followed by 100%WWxK45, however, at milky grain, optimum combination was at 
par with 100%WWxK45 and GWXK45. Other combinations like, GWXK45 and 
50%WWxK3o; 100%WWxKi5 and GWXK30 were also at par at second and third 
sampling, respectively, highlighting the utility of wastewater as a source of potassium. 
Stomatal conductance was also maximum at heading, thereafter declined and recorded 
minimum at milky grain. 
iVater Use Efficiency (WUE) 
Like other photosynthetic parameters, WUE was also positively affected by 
the application of wastewater and the maximum was recorded under 100%WW giving 
an increase of 17.92, 18.72 and 11.05% followed by 50%WW which also performed 
better then GW, at all the growth stages (Table 4.25b). Significant results were also 
obtained under various potassium doses, K30 proved to be optimum, being at par with 
K45 at first and last sampling and gave an increase of 56.25, 49.83 and 35.62%o over 
Ko, followed by K30 and K15. Among the interactions, 100%WW and the lower dose 
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Table 4.25 Effect of GW, 50%WW and 100%WW on (a) stomatal conductance (mol 
m" s'') and (b) water use efficiency (WUE) of wheat {Triticum aestivum L.) grown 
under different levels of potassium at tillering, heading and milky grain stages. 
rreatments 
/W/citpr 
Ko 
K|5 
K.30 
K45 
Mean 
Ko 
K,5 
K30 
K45 
Mean 
GW 
0.110 
0.138 
0.190 
0.220 
0.165 
GW 
0.096 
0.124 
0.150 
0.180 
0.138 
(a) Stomata! Conductance 
Tillering stage 
50%WW 100%WW 
0.120 
0.152 
0.230 
0.242 
0.186 
0.130 
0.200 
0.284 
0.270 
0.221 
Milky Grain stage 
50%WW 100%WW 
0.110 
0.130 
0.165 
0.170 
0.144 
0.118 
0.152 
0.184 
0.180 
0.159 
Mean 
0.120 
0.163 
0.235 
0.244 
Mean 
0.108 
0.135 
0.166 
0.177 
GW 
0.170 
0.270 
0.330 
0.388 
0.290 
Water 
Potassium 
Interaction 
Headin 
50% WW 
0.205 
0.300 
0.380 
0.400 
0.321 
Tillering 
stage 
0.003 
0.003 
0.005 
ig stage 
100% WW 
0.230 
0.320 
0.420 
0.408 
0.345 
LSD at 5% 
Heading 
stage 
0.005 
0.004 
0.008 
Mean 
0.202 
0.297 
0.377 
0.399 
Milky 
grain 
stage 
0.006 
0.005 
0.010 
Treatments 
AVntpr 
Ko 
K,5 
K30 
1x45 
Mean 
Ko 
K,5 
K30 
K45 
Mean 
GW 
0.175 
0.220 
0.278 
0.288 
0.240 
GW 
0.134 
0.175 
0.188 
0.190 
0.172 
(b) Water 
Tillering stage 
50%WW 100%WW 
0.190 
0.221 
0.298 
0.302 
0.253 
Milky Gr£ 
0.210 
0.282 
0.325 
0.313 
0.283 
lin stage 
50%WW 100%WW 
0.146 
0.180 
0.195 
0.199 
0.180 
0.158 
0.185 
0.210 
0.210 
0.191 
Mean 
0.192 
0.241 
0.300 
0.301 
Mean 
0.146 
0.180 
0.198 
0.200 
Use Efficiency 
GW 
0.275 
0.338 
0.380 
0.440 
0.358 
Water 
Potassium 
Interaction 
Heading 
50% WW 
0.288 
0.360 
0.432 
0.441 
0.380 
] 
Tillering 
stage 
0.002 
0.002 
0.004 
I stage 
100%WW 
0.315 
0.396 
0.505 
0.485 
0.425 
LSD at 5% 
Heading 
stage 
0.009 
0.007 
0.014 
Mean 
0.293 
0.365 
0.439 
0.455 
Milky 
grain 
stage 
0.003 
0.003 
0.005 
N.B.: Subscript values denote the amount of nitrogen (K) in kg ha . A uniform basal dose of 80 kg N and 40 kg P 
ha'' was also applied. 
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of potassium (K30) proved to be the best, giving an increase of 85.71, 83.64 and 
56.72% over GWXKQ. At milky grain, the combination 100%WWxK45 was 
statistically similar to optimum combination. Besides these, some other combinations 
like, 50%WWxK45, GWXK45 and 50%WWxK3o were also at par at heading, 
suggesting possible role of nutrients present in wastewater in improving 
photosynthetic parameters. WUE followed the trend similar to photo synthetic rate 
and stomatal conductance. 
4.3.3 Yield and Quality Parameters 
Ear Number Plant' 
The plants irrigated under wastewater produced more number of ears than the 
groundwater irrigated plants and the maximum was recorded under 100%WW which 
marked an increase of 17.32% over GW (Table 4.26a). However, 50%WW and GW 
were similar in effects. Potassium doses also affected significantly and the highest 
dose (K45) recorded maximum value, giving an increase of 70.27%) over Ko, followed 
by comparatively lower dose (K30) whereas as K15 was deficient. Among the 
interactions, 100%WWxK3o was optimjjm., being at par with 100%WWxK45 and 
GWXK45. 
Ear Weight Plant' 
As evident from Table 4.26b, wastewater produced heavier ears than 
groundwater. Both the concentrations of wastewater performed differently and an 
increase of 19.16 and 7.06% over GW, was observed under 100%)WW and 50%WW, 
respectively. Among potassium doses, the heaviest ears were recorded under K30 
which proved optimum being at par with K45, giving an increase of 37.69% over Ko 
whereas the lowest dose (K15) was the deficient, and the least being recorded under 
KQ. Among the interactions, 100%WWxK3o was the best and an increase of 83.45%) 
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Table 4.26 Effect of GW, 50%WW and 100%WW on (a) ear number plant'', (b) ear 
weight (g plant' ), (c) length ear"' (cm), (d) spikelet number ear"', (e) grain number 
ear'' and (f) 1000 grain weight (g) of wheat {Triticum aestivum L.) grown under 
different levels of potassium at tillering, heading and milky grain stages. 
Treatments 
/Water 
Ko 
K,5 
Kjo 
I/' 
1V45 
GW 
3.00 
3.67 
5.00 
(a) Ear Number 
50% WW 
3.33 
4.33 
5.00 
J . J J 
100% WW 
3.67 
4.67 
6.00 
6.00 
Mean 
3.33 
4.22 
5.33 
5.67 
GW 
4.35 
5.96 
6.51 
7.00 
(b) Ear Weight 
50% WW 
5.17 
6.21 
7.01 
7.10 
100% WW 
6.08 
6.42 
7.98 
7.89 
Mean 
5.20 
6.20 
7.16 
7.33 
Mean 4.33 4.50 5.08 5.95 6.37 7.09 
(c) Length Ear" LSD at 5% 
Ko 
K45 
Mean 
GW 50%WW 100%WW Mean 
10.13 
10.77 
11.10 
11.30 
10.33 
10.83 
11.37 
11.43 
10.53 
11.03 
12.13 
12.20 
10.83 10.99 1.48 
10.33 
10.88 
11.53 
11.64 
Ear 
number 
plant"' 
Water 
Potassium 
Interaction 
0.20 
0.17 
0.34 
Ear 
weight 
plant"' 
0.29 
0.25 
0.50 
Length 
ear"' 
0.21 
0.18 
0.35 
Treatments 
/Water 
Ko 
K,5 
K30 
K45 
Mean 
Ko 
K,5 
K30 
K45 
Mean 
GW 
14.00 
15.33 
16.67 
18.00 
16.00 
GW 
39.63 
40.80 
41.46 
42.17 
41.01 
(d) Spikelet Number 
50%WW 100%WW 
14.33 
15.67 
17.33 
18.67 
16.50 
14.67 
16.00 
19.33 
19.67 
17.42 
(f) 1000 Grain Weight 
50% WW 
40.12 
41.01 
42.02 
42.41 
41.39 
100% WW 
40.35 
41.63 
42.76 
42.60 
41.84 
Mean 
14.33 
15.67 
17.78 
18.78 
Mean 
40.03 
41.15 
42.08 
42.39 
GW 
29.00 
32.67 
34.33 
36.33 
33.08 
Water 
Potassium 
Interaction 
(e) Grain Number 
50% WW 
30.33 
33.00 
36.00 
37.00 
34.08 
1 
Spikelet 
number 
planf' 
0.48 
0.42 
0.82 
100%WW 
32.00 
34.00 
40.33 
40.00 
36.58 
LSD at 5% 
Grain 
number 
ear"' 
0.95 
0.83 
1.61 
Mean 
30.44 
33.22 
36.89 
37.78 
1000 
grain 
weight 
0.19 
0.16 
0.33 
N.B.: Subscript values denote the amount of nitrogen (K) in kg ha' . A uniform basal dose of 80 kg N 
and 40 kg P ha"' was also applied. 
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was noted over GW^KQ and was followed by 100%WWxK45. Besides, 50%WWxK3o 
was also statistically similar to GWXK45. 
Length Ear' 
Wastewater again proved superior to groundwater and produced significantly 
longer ears (Table 4.26c). An increase of 6.00% was recorded under 100%WW, 
followed by 50%WW which in turn was at par with GW. Among the potassium 
doses, K45 and K30 were at par, proving the later to be optimum and it recorded an 
increase of 11.62% over KQ, followed by K15. The combination of 100%WW together 
with K30 again proved to be optimum, recording an increase of 19.74% and being at 
par with 100%WWxK45. Other combinations like, 50%WWxK3o and GWXK45; 
100%WWxKi5 and GWXK30 were also similar in effects. 
Spikelet Number Ear' 
Number of spikelets was also enhanced under wastewater irrigation and 
100%WW proved superior to other water treatments (Table 4.26d). It recorded an 
increase of 8.88% over GW, followed by 50%WW which also performed better then 
GW and marked an increase of 3.I3%o. Significant effect of potassium dose was also 
observed on spikelet num.bers and K45 proved to be the best, registering an increase of 
31.05% over KQ, followed closely by K30 whereas K15 was deficient. 100%WW along 
with K30 proved to be the optimum combination, giving an increase of 38.07%) and 
being at par with 100%WWxK45. The combinations, 50%WWxK3o and GWXK45; 
100%WWxKi5 and GWXK30 also showed statistically similar values. 
Grain Number Ear' 
Like spikelet number, grain number was also significantly enhanced by 
wastewater and 100%WW being the best, giving an increase of 10.58%) over GW 
(Table 4.26e). 50%WW also marked an increase of 3.02%) and thus performed better 
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as compared to GW. K45 recorded the maximum, giving an increase of 24.11%, 
followed by K30 recording the percent increase of 21.19 and the lowest dose (K15) was 
deficient while Ko recorded the least. As expectedly, 100%WWxK3o proved to be the 
optimum combination, recording an increase of 39.07% and being at par with 
100%WWxK45, followed by 50%WWxK45,GWxK45 and 50%WWxK3o. The 
combination, !0Q%W\VxK,5 and G\yxK3o also showed at par values, again showing 
the effectiveness of nutrients present in wastewater. 
1000 Grain Weight 
Wastewater again proved efficacious and produced significantly heavier grains 
as compared to groundwater (Table 4.26f). 100%WW and 50%WW recorded an 
increase of 2.02 and 0.93% over GW, respectively. Among the potassium doses, the 
highest dose (K45) marked an increase of 5.90% followed closely by comparatively 
lower dose (K30) recording an increase of 5.12% over Ko while K15 proved to be the 
deficient dose. The interaction of 100%WW with K30 was the optimum, being at par 
with 100%WWxK45 which in turn was similar to 50%WWxK45. The optimum 
com.bination recorded an increase of 7.90% over the control (GWxKo). Tne other 
com-binations like, 50%WWxK3o and GWXK45; 100%WWxKi5 and GWXK30 were 
also equally effective. 
Grain Yield Plant' 
As a cumulative effect of improvement in growth and yield parameters under 
wastewater application, yield of the plants has also been enhanced and the two 
concentrations of wastewater performed differently and better than groundwater 
(Table 4.27a). 100%WW gave an increase of 13.79%, whereas an increase of 8.09% 
was shown by 50% WW. Among the various doses of potassium, K45 recorded the 
maximum grain yield, giving an increase of 46.65%, over KQ, followed by K30 which 
133 
Table 4.27 Effect of GW, 50%WW and 100%WW on (a) grain yield (g plant''), (b) 
straw yield (g plant''), (c) biological yield (g plant''), (d) carbohydrate content (%) 
and (e) protein content (%) of wheat (Triticum aestivum L.) grown under different 
levels of potassium at tillering, heading and milky grain stages. 
Treatments 
AVater 
Ko 
1^ 30 
K45 
Mean 
K,5 
K30 
K45 
Mean 
Treatments 
/Water 
Ko 
K,5 
K30 
K45 
Mean 
GW 
4.15 
5.02 
6.01 
6.57 
5.44 
GW 
9.29 
11.34 
13.63 
14.83 
12.27 
(a) Grair I Yield 
50%WW 100%WW 
4.76 
5.57 
6.47 
6.78 
5.88 
4.97 
5.78 
7.00 
7.01 
6.19 
(c) Biological Yield 
50% WW 100% WW 
10.22 
12.97 
15.02 
15.88 
13.52 
10.96 
13.30 
17.63 
17.56 
14.86 
Mean 
4.63 
5.46 
6.48 
6.79 
Mean 
10.16 
12.54 
15.43 
16.09 
(d) Carbohydrate Content 
GW 50% WW 100%WW Mean 
75.07 
76.70 
77.60 
78.50 
76.97 
75.68 
76.98 
78.30 
78.73 
77.42 
75.98 
77.59 
78.47 
78.52 
77.64 
75.57 
77.09 
78.12 
78.58 
GW 
5.14 
6.32 
7.62 
8.26 
6.83 
Water 
Potassium 
Interaction 
GW 
11.10 
11.38 
12.74 
14.20 
12.36 
Potassium 
Interaction 
(b) Straw Yield 
50% WW 
5.46 
7.40 
8.60 
9.10 
7.64 
100% WW 
6.00 
7.52 
10.63 
10.54 
8.67 
LSD at 5% 
Grain 
yield 
0.14 
0.12 
0.23 
Straw 
yield 
0.53 
0.46 
0.91 
(e) Protein Content 
50% WW 
11.18 
11.85 
13.24 
14.08 
12.59 
100% WW 
11.26 
12.32 
14.35 
14.39 
13.08 
LSD at 5%) 
Mean 
5.53 
7.08 
8.95 
9.30 
Biologic 
al yield 
0.58 
0.51 
0.99 
Mean 
11.18 
11.85 
13.45 
14.22 
Carbohydrate Protein 
content content 
A TC 
0.22 
0.43 
U.J / 
0.32 
0.62 
N.B.: Subscript values denote the amount of nitrogen (K) in kg ha" . A uniform basal dose of 80 kg N 
and 40 kg P ha"' was also applied. 
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marked an increase of 39.96% whereas K15 was the deficient and Ko recorded the 
least. The combination, 100%WWxK3o proved to be optimum, recording an increase 
of 68.68% over GWxKo and being at par with 100%WWxK45 and 50%WWxK45. It 
may also be pointed out that even the interaction, 50%)WWxK3o was equally effective 
with GWXK45 again proving the effectiveness of wastewater. Among the other 
interactions, 100%WWxKi5 and GWXK30; GWxKjs and 100%\V\V-Ko were also 
statistically similar, confirming the utility of wastewater as a source of potassium as 
well as other nutrients. 
Straw Yield Plant'' 
Plants irrigated under wastewater produced more straw as compared to the 
plants irrigated with ground water (Table 4.27b). 100%WW proved to be the best, 
followed by 50%)WW. The former recorded an increase of 26.94% whereas the later 
gave an increase of 11.86%o over GW. The highest potassium dose (K45) and 
comparatively lower dose (K30) showed similar effects and marked an increase of 
68.17 and 61.84%) over KQ while K15 was the deficient. Among the interactions, 
100%WWxK3o and 100?/oWWxK45 were at par, and the former was the optimum 
combination recording an increase of 106.81?/o over GW^KQ. Other combinations, 
like, 50%WWxK3o and GWXK45; 100%WWxK,5 and GWXK30 also produced the 
similar values. 
Biological Yield Plant' 
Wastewater produced plants with more biomass and hence enhanced the 
biological yield (Table 4.27c). The percent increase of 21.11 and 10.19 over GW was 
obtained under 100%)WW and 50%oWW, respectively. Among the fertilizer doses, 
K45 recorded maximum biological yield, followed by K30. An increase of 58.37 and 
51.87%) over Ko was marked under K45 and K30, respectively. K15 proved to be 
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deficient whereas the least values were noted under KQ. The best combination was of 
100%WW together with K30, as it recorded the maximum, giving an increase of 
89.77% over GWxKo and being at par with 100%)WWxK45. The interactions, 
50%WWxK45 and 50%WWxK3o were also at par, while the later was in turn at par 
with GWXK45. Other combinations like, 100%WWxK,5 and GWXK30; GWxKi5 and 
100%WWxKo were also similar in effects. 
Total Carbohydrate Content 
Wastewater proved beneficial in improving the quality of grains by increasing 
their carbohydrate contents (Table 4.27d). 100%WW and 50%WW were equally 
effective and marked an increase of 0.87 and 0.59% over GW, respectively. Among 
fertilizer doses, the highest potassium dose (K45) recorded maximum giving an 
increase of 3.98%) over Ko, followed closely by K30 which registered an increase of 
3.37% whereas K15 proved deficient and the lowest value was recorded under KQ. 
Among the various interactions, 100%)WWxK3o proved optimum, showing an 
increase of 4.53% over GWxKo and being at par with 100%WWxK45, 50%WWxK45 
and GWXK45. 
Total Protein Content 
Wastewater also enhanced protein content of grains and thus making them 
richer (Table 4.27e). An increase of 5.83 and 1.86%) was noted under 100%)WW and 
50%)WW, respectively. Among the potassium doses, K45 proved best recording an 
increase of 27.19% over KQ, followed by K30 which registered an increase of 20.30%). 
Ki5 was the deficient and the lowest, as expectedly was obtained under KQ. The 
combination of 100%WW and K30 was proved to be optimum, giving an increase of 
29.28% over control (GWxKo) and was at par with 100%WWxK45, 50%WWxK45 
and GWXK45. 
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4.4 Experiment IV (Wastewater and NPK Fertilizers) 
In this randomized block design experiment the aim was to test the effect of 
the optimum doses of NPK obtained from Experiment I-III. Only 100%WW and GW 
were considered in this experiment as 100%WW was better than 50%WW in earlier 
three experiments. Only significant data has been briefly described below. 
4.4.1 Growth Parameters 
Leaf Number Plant' 
The wastewater application significantly enhanced the formation of leaves of 
the plants thus maximum leaf number was noted in plants under its irrigation 
recording an increase of 8.69, 2.66 and 5.72% over the control (GW) at tillering, 
heading and milky grain stage respectively (Table 4.28a). The fertilizer treatments 
N120P60K30, N120P40K30 and N120P40K45 proved equally effective at all the three 
sampling stages. Among these doses, N120P40K30 proved to be optimum and recorded 
an increase of 61.36, 52.68 and 54.17%. However, the treatment, N120P60K30 
registered an increase of 60.00, 46.37 and 56.92% while an increase under the 
treatment N1.20P40K45 was 54.64, 49.53 and 47.25% over the control. Among the 
interactions, the combinations 100%WWxN8oP4oK3o, 100%WWxN8oP4oK45, 
100%WWxN8oP6oK3o, 100%WWxN,2oP4oK3o, GWxN,2oP6oK3o and GWXN120P40K45 
were equally effective at the three sampling stages and thus 100%WWxN8oP4oK3o 
proved to be optimum which gave an increase of 90.91, 70.42, 83.93% over 
GWXNQPOKO. The leaf number increased from tillering to heading stage only and after 
that it declined. 
Tiller Number Plant' 
Wastewater irrigated plants produced more tillers and an increase of 7.41, 9.56 
and 8.53% was recorded under it over ground water irrigated plants (Table 4.28b). 
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Table 4.28 Effect of GW and 100%WW on (a) leaf number and (b) tiller number 
plant"' of wheat {Triticum aestivum L.) grown under different combinations of NPK at 
tillering, heading and milky grain stages. 
Treatments 
NuP..Ko 
N80P40K.J0 
N80P40K45 
NsoPeoKso 
N 8 U P G O K 4 3 
N120P40K30 
N120P40K45 
N120P60K30 
N120P60K45 
Mean 
NoPoKo 
N80P40K30 
NgoP4oI^45 
NgoPeo 1*^ 30 
NgoP6ol*^45 
N120P40K30 
Nl2oP40J^45 
N120P60K30 
N120P60K45 
Mean 
Treatments 
NoPoKo 
N80P40K30 
N00P40K4J 
N80P60K30 
N80P60K.43 
N|20p4ol*^30 
N120P40K45 
N120P60K30 
NI20P60K45 
Mean 
NoPoKo 
N80P40K.30 
NS0P40K45 
NgoPsoKjo 
N80P60K45 
N120P40K30 
Ni :oP4oK45 
Ni2oP6oK30 
NI20P60K45 
Mean 
GW 
1 1,00 
17.67 
17.67 
17.33 
18.00 
20.00 
19.67 
20.00 
20.33 
17.96 
GW 
10.33 
16.67 
17.00 
17.00 
17.33 
18.33 
18.33 
18.67 
19.00 
16.96 
GW 
3.00 
4.33 
4.33 
4.67 
4.33 
5.33 
5.00 
5.00 
5.33 
4.59 
GW 
4.33 
5.33 
5.00 
5.00 
5.33 
6.00 
6.67 
6.33 
6.67 
5.63 
Tillering stage 
lOC-'oWW 
14.00 
21.00 
21.00 
20.67 
T 1 n o 
20.33 
19.00 
20.00 
18.67 
19.52 
Milky Grain stage 
100% WW 
13.67 
19.00 
19.00 
19.33 
19.00 
18.67 
17.00 
19.00 
16.67 
17.93 
Tillering stage 
100% WW 
3.67 
5.67 
5.33 
5.33 
5.33 
5.00 
4.67 
5.00 
4.33 
4.93 
Milky Grain stage 
100%WW 
4.67 
6.67 
6.67 
6.00 
6.33 
6.00 
6.33 
6.33 
6.00 
6.11 
(al 
Mean 
12.50 
19.33 
19.33 
19.00 
1 c\ en, 
20.17 
19.33 
20.00 
19.50 
Mean 
12.00 
17.83 
18.00 
18.17 
18.17 
18.50 
17.67 
18.83 
17.83 
Leaf Number 
GW 
14.67 
21.67 
22.00 
22.00 
22.33 
24.67 
24.33 
24.33 
24.00 
22.22 
Water 
Treatment 
Interaction 
(b) Tiller Number 
Mean 
3.33 
5.00 
A on 
t . O J 
5.00 
4.83 
5.17 
4.83 
5.00 
4.83 
Mean 
4.50 
6.00 
5.83 
5.50 
5.83 
6.00 
6.50 
6.33 
6.33 
GW 
4.00 
5.00 
t . O / 
5.00 
5.00 
6.00 
6.67 
6.33 
6.33 
5.44 
Water 
Treatment 
Interaction 
Heading stage 
100%WW 
17.00 
25.00 
24.00 
24.67 
24.00 
23.67 
23.00 
22.00 
22.00 
22.81 
LSD at 5% 
Tillering Heading 
stage stage 
0.60 
1.27 
1.80 
0.54 
1.14 
1.62 
Heading stage 
100% WW 
4.33 
6.67 
6.33 
6.00 
6.33 
6.00 
6.00 
6.33 
5.67 
5.96 
LSD at 5% 
Tillering Heading 
stage stage 
0.64 
0.30 
0.90 
0.78 
0.37 
1.10 
Mean 
15.83 
23.33 
23.00 
23.33 
23.17 
24.17 
23.67 
23.17 
23.00 
Milky 
Grain 
stage 
0.60 
1.28 
1.81 
Mean 
4.17 
5.83 
5.50 
5.50 
5.67 
6.00 
6.33 
6.33 
6.00 
Milky 
Grain 
stage 
0.72 
0.34 
1.02 
N.B,: Subscript values denote the amount of nitrogen (N), phosphorus (P) and potassium (K) in kg ha 
138 
The fertilizer treatments N120P40K30, N120P60K30 and N120P40K45 were similar in their 
effect at the three sampling stages. Among these doses N120P40K30 proved optimum 
and an increase of 55.26, 43.88 and 33.33% was observed over the control. Among 
the interactions besides other combinations, 100%WWxN8oP4oK3o, 
100%WWxN8oP4oK45, GWXN120P60K45 and 100%WWxN,2oP4oK3o were at par at all 
the three growth stages, proving first com.bination to be optim.um. An increase of 
89.00, 66.75 and 54.04% was recorded under 100%WWxN8oP4oK3o while the percent 
increase recorded under 100%WWxN8oP4oK45 was 77.67, 58.25 and 54.04 over 
GWXNQPOKO. Tiller production was maximum till heading and thereafter it was 
almost arrested. 
Fresh Mass Plant' 
Wastewater also proved efficacious in increasing it, thus greater fresh mass 
was recorded under its irrigation (Table 4.29a). The wastewater irrigated plants 
recorded an increase of 9.00, 6.85 and 9.00% over GW. The treatment N120P40K30 
being at par with N120P60K30 besides also being at par with other fertilizer 
combinations at all the three samoline stases proved best while at the first sampling 
the later treatment showed at par value with NiaoPeo^ Ms- The treatment N120P40K30 
recorded an increase of 48.66, 40.29 and 48.33% over NQPOKQ. Among the 
interactions, the wastewater in combination with lower fertilizer dose yielded 
significant results and thereby led to increase in fresh mass. The combination, 
100%WWxN8oP4oK3o proved optimum giving values at par with GWXN120P60K45 at 
all the growth stages. It was at par with GWxN!2oP6oK3o and GWXN120P40K30 besides 
some other combinations, confirming the utility of wastewater as a source of 
nutrients. The optimum combination recorded an increase of 69.69, 61.37 and 
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Table 4.29 Effect of GW and 100%WW on (a) fresh and (b) dry mass (g plant"') of 
wheat {Triticum aestivum L.) grown under different combinations of NPK at tillering, 
heading and milky grain stages. 
Treatments 
NoPoKo 
NsoPwK-so 
N8oP4oI^45 
M D V' 
N8oP6o'^45 
N120P40K30 
N120P40K45 
N120P60K30 
N120P60K45 
Mean 
NoPoKo 
N80P40K30 
N80P40K.4S 
NsoPeoKso 
N80P60K45 
N120P40K30 
N120P40K45 
Ni2oP6oK.30 
N120P60K45 
Mean 
NoPoKo 
N80P40K30 
N8oP4ol^45 
N80P60K30 
N80P60K45 
N120P40K.30 
N120P40K45 
N120P60K30 
N|20P6oK'45 
Mean 
NoPoKo 
N80P40K30 
N80P40K45 
NgoPboKjO 
N80P60K45 
NI20P40K-30 
N120P40K45 
NI20P60K30 
N120P60K45 
Mean 
GW 
11.12 
15.60 
15.46 
1 C -70 
16.00 
18.17 
18.12 
18.30 
18.42 
16.33 
GW 
18.87 
26.76 
27.07 
27.33 
27.00 
31.02 
30,72 
30.21 
30.16 
27.68 
GW 
3.03 
4.89 
5.00 
5.16 
4.97 
6.04 
5.90 
6.00 
6.07 
5.23 
GW 
6.74 
9.04 
9.20 
9.13 
9.30 
11.89 
12.03 
11.96 
12.10 
10.15 
Tillering stage 
100% WW 
13.45 
18,87 
18.62 
1 n n ^ 
1 O.V/ 
18.51 
18.37 
18.20 
18.19 
17.00 
17.80 
Milky Grain stage 
100% WW 
23.00 
32.05 
31,68 
32.00 
31.72 
31,10 
30,98 
30,02 
28,95 
30,17 
Tillering stage 
100% WW 
3,27 
6.18 
6.02 
6.23 
6.10 
5.87 
6.03 
5.70 
5.73 
Milky Grain stage 
100%WW 
7.83 
12.36 
12.18 
12.30 
12.09 
12.02 
11.87 
11.98 
11.50 
11.57 
(a) Plant Fresh Mass 
Mean 
12.29 
17.24 
17.04 
17.37 
17.26 
18.27 
18,16 
18,24 
17,71 
Mean 
20.94 
29,40 
29,38 
29,67 
29,36 
31,06 
30,85 
30.12 
• 29.56 
(b) Plant 
Mean 
3.15 
5.55 
5.59 
5.59 
5.60 
6,07 
5,89 
6,01 
5,89 
Mean 
7,28 
10,70 
10.69 
10,72 
10,69 
11,95 
11,95 
11,97 
11,80 
GW 
15,04 
20,90 
21.41 
21,20 
21.68 
23.22 
23,14 
23,42 
23,25 
21,47 
Water 
Treatment 
Interaction 
Dry Mass 
GW 
4,70 
6,50 
6,72 
6,92 
6,90 
8,03 
8,00 
7.98 
8.13 
7.10 
Water 
Treatment 
Interaction 
Heading stage 
100% WW 
18.12 
24.27 
23.97 
24.02 
24.30 
23.30 
22.98 
23.58 
21.92 
22.94 
LSD at 5% 
Tillering Heading 
stage stage 
0.38 
0,81 
1.15 
0,42 
0,89 
1,25 
Heading stage 
100% WW 
5,36 
8,26 
8,09 
7.95 
8,35 
8,11 
8,06 
8,04 
7.62 
7.76 
LSD at 5% 
Tillering Heading 
stage stage 
0.21 
0.46 
0.64 
0,21 
0,44 
0,62 
Mean 
16,58 
22,58 
22,69 
22,61 
00 on 
23,26 
23,06 
23,50 
22,58 
Milky 
Grain 
stage 
0,66 
1,40 
1,99 
Mean 
5.03 
7,38 
7,41 
7,44 
7,62 
8,07 
8,03 
8,01 
7,88 
Milky 
Grain 
stage 
0,24 
0,52 
0,73 
N.B,: Subscript values denote the amount of nitrogen (N), phosphorus (P) and potassium (K) in kg ha" 
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69.85% over GWxNoPoKo. The fresh mass increased from tillering to milky grain i.e. 
increased with the age of the plant. 
Dry Mass Planf' 
Like fresh mass here also the wastewater proved effective and hence resulted 
in higher dry mass accumulation (Table 4.29b). The plants under the irrigation of 
wastewater recorded an increase of 9.56, 930 and 13.99% over the groundwater 
irrigated plants. The various combinations of NPK also significantly affected this 
parameter with N120P40K30, N120P60K30 and N120P40K45 showing at par values at all the 
three sampling stages, however, at first two sampling stages the treatments N120P60K45 
and N80P60K45 proved equally effective. Among the interactions, 
100%WWxN8oP4oK3o proved optimum being at par with GWXN120P60K45 and 
GWXN120P40K30 besides also being at par with some other combinations of higher 
fertiHzer doses in combination with either of the two waters. The optimum 
combination marked an increase of 104.95, 75.74 and 83.38% over GWXNQPOKO at 
the three successive stages, respectively. Like fresh mass, dry mass also increased 
throughout the growth period. 
Leaf Area Planf' 
Application of wastewater as an irrigation source proved beneficial in 
enhancing the leaf area of the plants than those receiving the groundwater (Table 
4.30a). Under 100%WW an increase of 5.79, 10.93 and 10.21% was recorded over 
those irrigated with ground water. Fertilizer treatment also significantly enhanced the 
leaf area with optimum recorded under N120P40K30 being at par with N120P60K45 and 
N120P40K45 at all the sampling stages. The treatment N120P40K30 recorded an increase 
of 38.93, 45.57 and 42.85% over the control at the three sampling stages respectively. 
Among various interactions, the combination of wastewater again with a lower 
Table 4.30 Effect of GW and 100% WW on (a) leaf area (cm' planf') and (b) 
carbonic anhydrase activity [mol CO2 kg'' (leaf FM) s''] of wheat {Triticwn aestivum 
L.) grown under different combinations of NPK at tillering, heading and milky grain 
stages. 
Treatments 
NoPoKo 
N80P40K-JO 
NgoP4oK-45 
N80P60K30 
NsoPftoK-jj 
N120P40K.30 
N120P40K45 
N120P50K30 
N120P60K45 
Mean 
NoPoKo 
N80P40K30 
N8oP4ol^45 
N80P60K30 
N80P60K.45 
N120P40K30 
N120P40K45 
N120P60K.30 
N120P50K-45 
Mean 
Treatments 
NoPoKo 
N80P40K.30 
N80P40K45 
N8oP6oK,o 
N80P60K45 
NI20P40K.30 
N120P40K45 
NI20P60K30 
N120P60K45 
Mean 
NoPoKo 
N80P40K30 
N80P40K45 
NsoPooKjo 
N80P60K45 
N120P40K30 
N,20P40K45 
N120P60K30 
N120P60K45 
Mean 
GW 
136,42 
175.02 
186.21 
179.27 
190 18 
198.58 
201.45 
207.63 
206.32 
186.79 
GW 
143.30 
185.01 
193.37 
188.16 
200.24 
220.52 
218.63 
205.48 
225.08 
197.75 
GW 
2.63 
3.43 
3.37 
3.40 
3.47 
3.63 
3.70 
3,70 
3.77 
3.46 
GW 
3.17 
3,60 
3,57 
3.60 
3.63 
4,03 
3,97 
4,13 
4.23 
3.77 
Tillering stage 
!00%WW 
151,30 
205,16 
210,21 
201,72 
203.50 
201,15 
199.71 
205.56 
200.08 
197.60 
Milky Grain stage 
100%WW 
167.06 
238.20 
230.72 
225.92 
236.81 
222.83 
210.09 
217.77 
212.11 
217.95 
(b) 
Tillering stage 
100%WW 
2.87 
3.97 
3.83 
3.87 
3.90 
3.73 
3.63 
3.70 
3.57 
3.67 
Milky Grain stage 
100% WW 
3.37 
4.57 
4,33 
4.43 
4.47 
4,13 
4.00 
4.10 
3.93 
4.15 
(a) 
Mean 
143.86 
190.09 
198.21 
190.50 
196.84 
199.87 
200.58 
206.59 
203.20 
Mean 
155.18 
211.61 
212.05 
207.04 
218.53 
221.68 
214.36 
211.63 
218.60 
Carbonic 
Mean 
2.75 
3.70 
3.60 
3.63 
3.68 
3.68 
3.67 
3.70 
3.67 
Mean 
3.27 
4.08 
3.95 
4.02 
4,05 
4.08 
3.98 
4.12 
4.08 
Leaf Area 
GW 
197,70 
262.00 
256.07 
250.40 
268.66 
300.07 
292.28 
298.10 
310.16 
270.60 
Water 
Treatment 
Interaction 
Heading stage 
100% WW 
218.55 
324.09 
308.50 
315.33 
T i n i n 
305.90 
300.05 
303.73 
295.43 
300.19 
LSD at 5% 
Tillering Heading 
stage stage 
5.49 
11.64 
16.46 
Anhydrase Activity 
GW 
3.43 
4.67 
4.53 
4,70 
4.77 
5.00 
4.97 
5.03 
4.93 
4.67 
Water 
Treatment 
Interaction 
9.28 
19.68 
27.84 
Heading stage 
100% WW 
3.80 
5.17 
5.10 
5.20 
5.23 
5.07 
4.83 
5.10 
4.77 
4.92 
, 
LSD at 5% 
Tillering Heading 
stage stage 
0.05 
0.11 
0.15 
0.04 
0.09 
0.13 
Mean 
208.13 
293.05 
282.29 
282.87 
-\c\c\ no 
^ : 7 7 . J O 
302.98 
296.17 
300.92 
302.80 
Milky 
Grain 
stage 
8.04 
17.06 
24.12 
Mean 
3.62 
4.92 
4.82 
4.95 
5.00 
5.03 
4.90 
5.07 
4.85 
Milky 
Grain 
stage 
0.05 
0.10 
0.14 
N B.: Subscript values denote the amount of nitrogen (N), phosphorus (P) and potassium (K) in kg ha 
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fertilizer dose proved superior to the rest of the combinations. 100%WWxN8()P4oK30 
pro\ed optimum being at par with GWxNj2oP6oK.3o and GWxN!2oP6oK-45 at tillering 
stage while in the remaining two sampling stages, optimum combination gave 
statistically similar value with GWxNi2oP6oK45and 100%WWxNi2oP4oK3o. 
100%WWxN8oP4oK3o recorded an increase of 50.39. 63.93 and 66.22%. The leaf area 
also increased from tillering to heading and thereafter declined towards the milky 
grain stage. 
4.4.2 Physiological Parameters 
Carbonic Anhydrase Activity 
Wastewater also proved effective in improving the activity of this enzyme and 
thus the enzymatic activity in the leaves irrigated with wastewater was higher than 
those irrigated with groundwater (Table 4.30b). The treatments, N120P60K30 and 
N120P40K30 proved equally effective at all the three sampling stages while at first and 
last samplings N120P60K45 also showed at par values with both the treatments. The 
treatment N120P40K30 recorded an increase of 33.82, 38.95 and 24.77% at the three 
sampling stages. At milky grain, NgoP4oK45 being at par with Ni2oP4oK45 and 
NgoP6oK3o also proved better. Regarding interactions, 100%WWxN8oP4oK3o, 
100%WWxN8oP4oK45 showed similar effects at all the growth stages and the former 
being at par with GWXN120P60KI45 at first and last sampling stage while with 
100%WWxNi2oP6oK3o at second sampling stage, proving to be optimum combination. 
100%WWxN8oP4oK3o registered an increase of 50.95, 50.73 and 44.16% over the 
control at tillering, heading and milky grain stages respectively. CA activity was 
found to be maximum at heading and thereafter towards milky grain a decline was 
observed. 
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Nitrate Reductase Activity 
The NR activity was also significantly affected by the application of 
wastewater with maximum values recorded in plants grown under it (Table 4.31a). 
An increase of 7.83, 8.03 and 6.23% was recorded over the ground water irrigated 
plants. The fertilizers in various proportions also yielded significant results with 
optimum recorded under N120P40K30 giving an increase of 48.19, 42.92 and 38.47% 
over NQPOKO and was at par with N120P60K45 and N120P60K30 at all the sampling stages. 
Other treatments like N120P40K45 and N80P60K45 also showed similar effects at first 
two sampling stages. Among various interactions, the wastewater in combination 
with the fertilizer dose of N80P40K30 proved superior to the rest of the combinations, 
giving an increase of 65.46, 55.50 and 53.53% at the three successive stages and 
being at par with GWXN120P60K45 and GWXN120P60K30 at tillering and heading 
whereas at milky grain stage, the optimum combination was statistically similar with 
GWXN120P60K45 and GWXN120P40K45, thus indicating the useful effect of wastewater. 
NR activity increased up to heading, thereafter it declined, recording minimum at 
milky grain. 
Leaf Nitrogen Content 
Nitrogen content of the leaves irrigated with wastewater was significantly high 
and an increase of 4.31%, 4.99 and 5.52% was marked with wastewater over ground 
water irrigated plants (Table 4.3 lb). The fertilizer treatment also affected the leaf N 
content significantly. The treatment N120P40K30 proved optimum, being at par with 
N120P60K.30 and N120P40K45 at all the sampling stages and recorded an increase of 
30.91, 32.87 and 38.16% over NQPOKQ. The interactions of water and fertilizer were 
also significant. The wastewater in combination with a comparatively lower fertilizer 
dose was sufficient to meet the fertilizer requirement of the crop with higher N 
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Table 4.31 Effect of GW and 100%WW on (a) nitrate reductase activity [nmol NO2 
Mean 
g'' (leaf FM) h"'] and (b) leaf nitre gen content ( %) of whea i{Ti 
grown under different combinations of NPK at tillering, headir 
stages. 
Treatments 
NoPoKo 
N8oP4oK-30 
N80P40K.45 
' ' su 'ooK-iO 
N80P60K.45 
N120P40K30 
NI20P40K45 
NI20P60K30 
N120P60K45 
GW 
260.07 
359.40 
345.33 
368.17 
375.83 
409.20 
417.10 
420.43 
427.03 
Tillering stage 
100%WW 
•296.13 
430.30 
425.60 
435.83 
415.03 
400.57 
410.50 
404.73 
(a) Nitrate Reductase Acti^  
Mean 
278.10 
394.85 
385.46 
398.47 
405.83 
412.11 
408.83 
415.47 
415.88 
GW 
328.10 
422.13 
413.37 
430.23 
436.30 
490.17 
486.53 
495.67 
501.70 
dty 
riticum aestivum L.) 
ig and milky 
Heading stage 
100%WW 
362.27 
510.20 
502.53 
499.93 
513.80 
496.53 
475.80 
492.80 
471.97 
grain 
Mean 
345.19 
466.17 
457.95 
465.08 
475.05 
493.35 
481.17 
494.24 
486.83 
375.84 405.27 444.91 480.65 
Milky Grain stage LSD at 5% 
NoPoKo 
N80P40K.30 
N80P40K.45 
NsoPeoKso 
N8oP6ol^45 
N120P40K30 
N120P40K45 
N120P60K3O 
N\2oP6oK45 
GW 
300.37 
393.20 
401.13 
388.27 
408.27 
442.40 
450.03 
443.63 
456.10 
100% WW 
330.07 
461.17 
453.53 
447.33 
470.70 
430.57 
437.07 
450.53 
432.03 
Mean 
315.22 
427.19 
427.33 
417.80 
439.48 
436.48 
443.55 
447.08 
444.06 
Water 
Treatment 
Interaction 
Tillering 
stage 
9.07 
19.23 
27.20 
Heading 
stage 
8.55 
18.13 
25.64 
Milky 
Grain 
stage 
8.17 
17.34 
24.52 
Mean 409.27 434.78 
(b) Leaf Nitrogen Content 
Mean 3.94 4,11 
Treatments 
NoPoKo 
N80P40K-45 
NsoPeoK-so 
N80P60K.45 
N120P40K.30 
N120P40K45 
N120P60K30 
N,2oPwK4< 
GW 
3.03 
1 S-7 
3.98 
3.91 
4.02 
4.11 
4.17 
4.16 
4.22 
Tillering stage 
100%WW 
3.32 
A Af\ 
^ .-r\j 
4.18 
4.35 
4.28 
4.20 
4.21 
4.11 
3.97 
Mean 
3.17 
y1 1 O 
4.08 
4.13 
4.15 
4.15 
4.19 
4.13 
4.10 
GW 
2.77 
• J . J J 
3.49 
3.60 
3.66 
3.82 
3.87 
3.79 
3.97 
Heading stage 
100% WW 
3.01 
3.95 
3.88 
4.06 
4.00 
3.86 
3.90 
3.76 
3.69 
Mean 
2.89 
3.75 
3.68 
3.83 
3.83 
3.84 
3.89 
3.78 
3.83 
3.61 3.79 
Milky Grain stage LSD at 5%) 
NoPoKo 
N80P40K30 
N80P40K45 
N80P60K30 
N80P60K45 
N120P40K30 
N120P40K45 
N120P60K30 
N120P60K45 
GW 
2.11 
2.96 
2.88 
2.81 
2.90 
3.12 
3.03 
3.15 
3.20 
100%WW 
2.46 
3.27 
3.10 
3.22 
3.16 
3.18 
3.09 
3.17 
2.95 
Mean 
2.28 
3.11 
2.99 
3.01 
3.03 
3.15 
3.06 
3.16 
3.07 
Water 
Treatment 
Interaction 
Tillering 
stage 
0.09 
0.20 
0.28 
Heading 
stage 
0.09 
0.18 
0.26 
Milky 
Grain 
stage 
0.07 
0.15 
0.22 
Mean 2^90 1^ 06 
N.B.: Subscript values denote the amount of nitrogen (N), phosphorus (P) and potassium (K) in kg ha"'. 
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contents recorded under the combinations of 100%WWxN8oP6oK3o and 
!00%WWxN8oP4oK3o. Botli were similar in effect and the later proved to be optimum 
giving an increase of 45.21, 42.60 and 54.98% over control and showing at par 
relationship with GWXN120P60K45 and GWXN120P40K45 at first two sampling stages, 
whereas at last sampling, the optimum combination and GWXN120P60K45, 
GWXN120P60K30 were statistically similar. Nitrogen content decreased with the age of 
the plant. 
Leaf Phosphorus Content 
Wastewater application significantly increased the leaf phosphorus content, 
and an increase of 5.87, 5.84 and 6.10% was shown by wastewater irrigated plants 
over plants irrigated with groundwater (Table 4.32a). Various fertilizer treatments 
also significantly affected the phosphorus content in leaves. The treatments 
N120P60K30 and N120P40K30 were similar in effects at all the three sampling stages, 
however, at last two stages, the later fertilizer dose was also at par with N120P60K45, 
hence, N120P40K30 proved to be optimum recording an increase of 40.09, 45.48 and 
44.86% over NOPOKQ. Among the interactions, the combination of wastewater along 
with lower fertilizer dose proved optimum (100%WWxNgoP4oK3o) being at par with 
GWXN120P60K45 and GWXN120P60K30 at all three sampling stages, besides showing 
similar effects with some other combinations. The optimum combination recorded an 
increase of 49.30, 58.09 and 59.94% over GWXNOPOKQ. Like nitrogen, phosphorus 
content also declined from tillering to milky grain stage. 
Leaf Potassium Content 
Like nitrogen and phosphorus, leaf potassium content also significantly 
increased in the plants irrigated with wastewater as compared to the plants under 
ground water irrigation (Table 4.32b). Wastewater marked an increase of 7.86, 7.39 
Table 4.32 Effect of GW and 100% WW on (a) leaf phosphorus (%) and (b) leaf 
potassium content (%) of wheat (Triticum aestivum L.) grown under different 
combinations of NPK at tillering, heading and milky grain stages. 
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Mean 0.579 
lYeatments 
NoPoKo 
N80P40K.30 
N80P40K-45 
N80P60K30 
N80P60K45 
N120P40K.30 
1^  n n f 401^45 
N|20p6oK-3o 
N\2oP6oK.45 
GW 
0.426 
0.560 
0.572 
0.568 
0.580 
0.628 
0.617 
0.632 
0.633 
Tillering stage 
100% WW 
0.471 
0.636 
0.630 
0.633 
0.641 
0.631 
0.622 
0.633 
0.618 
(a)LeafPh( 
Mean 
0.449 
0.598 
0.601 
0.600 
0.610 
0.629 
0.619 
0.632 
0.625 
jsphorus Content 
GW 
0.377 
0.518 
0.521 
0.513 
0.530 
0.578 
0.570 
0.583 
0.590 
Heading stage 
100% WW 
0.420 
0.596 
0.579 
0.590 
0.588 
0.580 
0.573 
0.585 
0.553 
Mean 
0.398 
0.557 
0.550 
0.551 
0.559 
0.579 
0.571 
0.584 
0.571 
0.613 0.531 0.562 
Milky Grain stage LSD at 5% 
NoPoKo 
N80P40K.30 
N80P40K45 
N80P60K-30 
N80P60K45 
N120P40K30 
N120P40K45 
N120P60K30 
N120P60K45 
GW 
0.342 
0.481 
0.477 
0.489 
0.492 
0.532 
0.531 
0.537 
0.545 
100% WW 
0.398 
0.547 
0.538 
0.543 
0.540 
0.541 
0.534 
0.536 
0.520 
Mean 
0.370 
0.514 
0.507 
0.516 
0.516 
0.536 
0.533 
0.536 
0.532 
Water 
Treatment 
Interaction 
Tillering 
stage 
0.005 
0.010 
0.015 
Heading 
stage 
0.004 
0.009 
0.013 
Milky 
Grain 
stage 
0.004 
0.008 
0.012 
Mean 0.492 0.522 
(b) Leaf Potassium Content 
Mean 4.20 4.53 
Treatments 
NoPoKo 
N80P40K30 
N80P40K.45 
N80P60K30 
N80P60K.45 
' 1 1 2 0 ' 40''>-30 
N120P40K.45 
N:2oP6oK.3o 
N120P60K.45 
GW 
3.09 
3.96 
4.02 
4.08 
4.11 
A C ^ 
4.62 
4.67 
4.75 
Tillering stage 
100%WW 
3.44 
4.78 
4.77 
4.64 
4.72 
A C(\ 
4.63 
4.66 
4.52 
Mean 
3.26 
4.37 
4.39 
4.36 
4.41 
4.58 
4.62 
4.66 
4.63 ' 
GW 
2.82 
3.68 
3.71 
3.72 
3.63 
H.IK) 
4.16 
4.08 
4.21 
Heading stage 
100% WW 
3.23 
4.28 
4.15 
4.22 
4.31 
4.15 
4.18 
4.12 
4.00 
Mean 
3.02 
3.98 
3.93 
3.97 
3.97 
4.13 
4.17 
4.10 
4.10 
3.79 4.07 
Milky Grain stage LSD at 5% 
NoPoKo 
N80P40K30 
NgoP4oK45 
NgflPeoKso 
N80P60K45 
N120P40K30 
N120P40K45 
N120P60K30 
N120P60K45 
Mean 
GW 
2.56 
3.18 
3.20 
3.23 
3.13 
3.78 
3.84 
3.90 
3.92 
3.41 
100% WW 
2.93 
4.01 
3.87 
3.91 
3.98 
3.80 
3.85 
3.88 
3.71 
3.77 
Mean 
2.74 
3.59 
3.53 
3.57 
3.55 
3.79 
3.84 
3.89 
3.81 
Water 
Treatment 
Interaction 
Tillering 
stage 
0.04 
0.09 
0.13 
Heading 
stage 
0.04 
0.08 
0.12 
Milky 
Grain 
stage 
0.05 
0.10 
0.15 
N.B.: Subscript values denote the amount of nitrogen (N), phosphorus (P) and potassium (K) in kg ha 
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and 10.56% over GW. Among NPK doses, N120P60K45, N120P60K30 and N120P40K45 
were similar in effects at the three sampling stages. An increase of 42.94, 35.76, 
41.97% and 41,72, 38.08, 40.15%) was recorded under the later two doses, 
respectively. Among the various interactions, the combination of 100%WW and 
N80P40K30 proved to be optimum, being at par with GWXN120P60K45 at all the stages, 
however, at first and last sampling, besides some other combinations, it was also at 
par with GWXN120P60K30, highlighting the utility of wastewater as a source of NPK. 
Optimum combination recorded an increase of 54.69, 51.77 and 56.64% over 
GWXNOPOKQ. The potassium content also declined from tillering to milky grain stage. 
Among these three nutrients, K was found to be maximum followed by N and P. 
Total Chlorophyll Content 
Application of wastewater resulted in plants with higher chlorophyll content 
than the ground water irrigated plants and an increase of 9.82, 11.16 and 9.33%) was 
observed by the former at three sampling stages respectively (Table 4.33a). Various 
fertilizer treatments also significantly affected the chlorophyll synthesis and hence 
their content in the leaves. At tillering and heading stage, the treatments N120P60K455 
N120P60K.30 and N120P40K30 were at par and thus the last may be optimum, while at 
milky grain stage, Ni2oP6oK3o proved out to be the best dose and was followed by 
N120P60K45 which in turn was at par with N120P40K45 and N120P40K30. Among various 
interactions, the combination of 100%WWxN8oP4oK3o proved superior to the rest of 
the combinations at all the growth stages under study being at par with 
100%)WWxNi2oP6oK3o and GWXN120P60K45 at tillering and with former combination 
at milky grain, while at heading it was followed by 100%)WWxNi2oP4oK3o which in 
turn was at par with GWXN120P60K45 and GWXN120P40K45. The optimum 
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Table 4.33 Effect of GW and 100%WW on (a) chlorophyll content (mg g"' fresh 
mass) and (b) photosynthetic rate (|.imol C02m"^ s"') of wheat {Triticum aestiviim L.) 
grown under different combinations of NPK at tillering, heading and milky grain 
stages, 
Mean .63 .79 
Freatments 
NoPoKo 
NsoPwKjo 
NsoPjoK.,. 
NSOPGOK.IO 
NsnP6nK4'; 
N120P40K30 
N120P40K45 
N120P60K30 
N120P60K45 
GW 
K17 
1.57 
1.53 
i .63 
1.67 
1.77 
1.73 
1.80 
1.83 
Tillering stage 
100% WW 
1.33 
1.97 
1.87 
1.90 
1.93 
1.80 
1.70 
1.87 
1.70 
(a) Chlorophyll 
Mean 
1.25 
1.77 
1.70 
1.77 
1.80 
1.78 
1.72 
1.83 
1.77 
Content 
GW 
1.67 
2.13 
2.17 
2.10 
2.20 
2.43 
2.50 
2.47 
2.53 
Heading stage 
100%WW 
1.87 
2.73 
2.60 
2.70 
2.67 
2.53 
2.47 
2.43 
2.37 
Mean 
1.77 
2.43 
2.38 
2.40 
2.43 
2.48 
2.48 
2.45 
2.45 
2.24 2.49 
Milky Grain stage LSD at 5% 
NoPoKo 
N80P40K30 
N80P40K4J 
N80P60K30 
NS0P60K45 
N120P40K.30 
N120P40K45 
N120P60K.30 
N120P60K45 
GW 
1.50 
1.87 
1.93 
1.83 
1.97 
1.97 
2.07 
2.13 
2.10 
100%WW 
1.70 
2.30 
2.27 
2.20 
2.23 
2.10 
2.00 
2.20 
1.97 
Mean 
1.60 
2.08 
2.10 
2.02 
2.10 
2.03 
2.03 
2.17 
2.03 
Water 
Treatment 
Interaction 
Tillering 
stage 
0.05 
0.10 
0.14 
Heading 
stage 
0.05 
0.10 
0.14 
Milky 
Grain 
stage 
0.04 
0.09 
0.13 
Mean .93 2.11 
(b) Photosynthetic Rate 
Mean 13.73 
NoPoKo 
N80P40K30 
N80P40K-45 
N8nPf,nK3o 
N80P60K.45 
N120P40K.30 
N120P40K45 
N120P50K30 
N,2oP50K45 
GW 
10.00 
13.00 
13.67 
13.77 
14.00 
15.00 
14.53 
14.60 
14.97 
Tillering stage 
100%WW 
11.57 
l O . l U 
14.83 
14.50 
15.87 
15.23 
14.80 
14.70 
14.63 
Mean 
10.78 
14.55 
14.25 
14.13 
14.93 
15.12 
14.67 
14.65 
14.80 
GW 
14.00 
17.20 
17.47 
17.50 
17.90 
19.67 
19.50 
19.87 
20.03 
Heading stage 
100% WW 
16.03 
21.00 
21.03 
20.90 
20.47 
20.00 
19.73 
19.97 
19.70 
Mean 
15.02 
19.10 
19.25 
19.20 
19.18 
19.83 
19.62 
19.92 
19.87 
14.69 18.13 19.87 
Milky Grain stage LSD at 5% 
NoPoKo 
Nso ' 40K30 
NS0P40K45 
N80P60K30 
NS0P60K45 
N]2oP4oK30 
NI20P40K45 
N120P60K30 
N120P60K45 
Mean 
GW 
8.00 
11.03 
10.90 
11,20 
11.43 
12.80 
12.17 
12.20 
12.67 
11.38 
100%WW 
10.10 
13.00 
12.83 
12.47 
12.63 
12.70 
12.23 
12.30 
12.10 
12.26 
Mean 
9.05 
12.02 
11.87 
11.83 
12.03 
12.75 
12.20 
12.25 
12.38 
Water 
Treatment 
Interaction 
Tillering 
stage 
0.11 
0.23 
0.33 
Heading 
stage 
0.16 
0.34 
0.48 
Milky 
Grain 
stage 
0.13 
0.28 
0.39 
N,B,: Subscript values denote the amount of nitrogen (N) 
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combination recorded an increase of 68.38, 63.47 and 53.33% over GWXNOPQKO. 
Chlorophyll content increased up to heading, thereafter decline was observed. 
Photosynthctic Rale 
Wastewater proved beneficial in enhancing the photosynthetic rate of the 
plants and an increase of 6.99, 9.60 and 7.73% was observed over ground water 
irrigated plants (Table 4.33b). Various fertilizer doses also significantly affected the 
photosynthetic rate. At tillering and milky grain stage, N120P40K30 proved superior 
recording an increase of 40.26 and 40.88% followed by N120P60K45 at former stage 
while at later, it was followed by N120P60K30 which in turn was at par with N120P60K45 
and N,2oP4oK45. At heading, N120P60K30, N120P60K45 and N120P40K30 were similar in 
effects. The interactions also yielded significant results and in general the 
combination 100%WWxN8oP4oK3o proved to be optimum. It recorded maximum at 
first two sampling stages, followed by GWXN120P40K30 and GWXN120P60K45, 
respectively, whereas at last sampling, it showed at par values with GWXN120P40K30, 
100%WWxNi2oP4oK3o and GWxNi2oP6oK45- An increase of 61.00, 50'.00 and 62.50% 
was noted under optimum combination. At tillering, besides various other 
combinations, GWXN120P60K-30, GWxN]2oP4oK45 and 100%WWxN8nP6oK3o were also 
statistically similar. Photosynthetic rate was maximum at heading, thereafter it 
declined. 
Stomatal Conductance 
Stomatal conductance was also enhanced under wastewater irrigation and the 
percent increase of 23.89, 17.73 and 13.84 was recorded over ground water irrigated 
plants (Table 4.34a). Among the various doses of NPK, N120P60K45 recorded 
maximum values at last two stages, followed by N120P60K30 which in turn was at par 
with N120P40K45 at heading while at milky grain it was followed by N120P40K45. 
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Table 4.34 Effect of GW and 100%WW on (a) stomatal conductance (mol m s ) 
and (b) water use efficiency (WUE) of wheat {Triticum aestivum L.) grown under 
different combinations of NPK at tillering, heading and milky grain stages. 
(a) Stomatal Conductance 
Mean 0.247 
Treatmenls 
NoPoKo 
N8oP4oK:,o 
N80P40K.45 
NgflPeoKjo 
N«oP5oK45 
NnoP4oK3o 
l ^ i : ^ 401^45 
N120P60K.30 
NI20P60K45 
GW 
0.170 
0.210 
0.222 
0.217 
0.231 
0.282 
U.ZO/ 
0.298 
0.301 
Tillering stage 
100%WW 
0.202 
0.322 
0.337 
0.314 
0.326 
0.320 
0.308 
0.312 
0.310 
Mean 
0.186 
0.266 
0.280 
0.266 
0.279 
0.301 
0.298 
0.305 
0.305 
GW 
0.210 
0.307 
0.320 
0.315 
0.310 
0.388 
0.4U2 
0.415 
0.427 
Heading stage 
100%WW 
0.264 
0.458 
0.423 
0.436 
0.412 
0.406 
0.410 
0.413 
0.420 
Mean 
0.237 
0.382 
0.371 
0.376 
0.361 
0.397 
0.406 
0.414 
0.424 
0.306 0.344 0.405 
Milky Grain stage LSD at 5% 
NoPoKo 
N80P40K.30 
N80P40K45 
N80P60K.30 
N80P60K45 
N120P40K30 
N120P40K45 
N]2oP6oK-30 
N120P60K.45 
GW 
0.107 
0.143 
0.136 
0.157 
0.161 
0.173 
0.182 
0.176 
0.194 
100%WW 
0.120 
0.202 
0.197 
0.188 
0.191 
0.182 
0.185 
0.177 
0.189 
Mean 
0.114 
0.172 
0.167 
0.173 
0.176 
0.177 
0.183 
0.177 
0.191 
Water 
Treatment 
Interaction 
Tillering 
stage 
0.004 
0.008 
0.011 
Heading 
stage 
0.004 
0.008 
0.012 
Milky 
Grain 
stage 
0.003 
0.005 
0.008 
Mean 0.159 0.181 
(b) Water Use Efficiency 
Mean 0.253 
NoPoKo 
N80P40K.JO 
N80P40K.45 
NsoP6oK.3o 
N80P60K45 
N120P40K45 
N120P60K3O 
Ni2oP6oK45 
GW 
0.208 
0.240 
0.237 
0.252 
0.246 
0.268 
0,276 
0.282 
Tillering stage 
100%WW 
0.227 
0.301 
0.296 
0.274 
0.288 
0.272 
0.275 
0.280 
0.270 
Mean 
0.218 
0.271 
0.267 
0.263 
0.267 
0.270 
0.271 
0.278 
0.276 
GW 
0.290 
0.383 
0.400 
0.391 
0.398 
0.412 
0.420 
0.407 
0.401 
Heading stage 
100%WW 
0.330 
0.441 
0.450 
0.427 
0.432 
0.421 
0.425 
0.411 
0.403 
Mean 
0.310 
0.412 
0.425 
0.409 
0.415 
0.417 
0.423 
0.409 
0.402 
0.276 0.389 0.415 
Milky Grain stage LSD at 5% 
NoPoKo 
N80P40K30 
N80P40K45 
NsoPeoKjo 
N80P60K45 
N120P40K30 
N120P40K45 
N120P60K30 
N120P60K45 
Mean 
GW 
0.134 
0.170 
0.188 
0.181 
0.175 
0.191 
0.198 
0.185 
0.180 
0.178 
100%WW 
0.150 
0.203 
0.201 
0.199 
0.180 
0.196 
0.197 
0.190 
0.176 
0.188 
Mean 
0.142 
0.186 
0.194 
0.190 
0.178 
0.194 
0.197 
0.188 
0.178 
Water 
Treatment 
Interaction 
Tillering 
stage 
0.004 
0.008 
0.012 
Heading 
stage 
0.003 
0.007 
0.010 
Milky 
Grain 
stage 
0.003 
0.005 
0.008 
N.B.: Subscript values denote the amount of nitrogen (N), phosphorus (P) and potassium (K) in kg ha'' 
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However, at tillering, N120P60K45, N120P60K30 and N120P40K30 showed similar effects. 
An increase of 63.98. 78.90 and 67.54% was registered under the superior dose. 
Among the various interactions, 100%WW>^ N8oP4oK45 recorded maximum at first 
sampling stage, followed by 100%WWxN8oP4oK3o giving an increase of 98.24% 
which in turn was at par with 100%WWxN|2oP4oK3o and 100%WWxNi2oP6oK3o 
whereas at second stage maximum value was noted under 100%WWxN8oP4oK3o 
followed by GWXN120P60K45. However, at milky grain, 100%WWxN8oP4oK3o proved 
optimum being at par with GWXN120P60K45. An increase of 89.41, 118.10 and 
88.79% was marked under 100%WWxN8oP4oK3o at the successive growth stages. 
Stomatal conductance was recorded maximum at heading, thereafter it declined. 
Water Use Efficiency (WUE) 
Like other photosynthetic parameters, WUE was also significantly affected by 
wastewater application, recording an increase of 9.09, 6.68 and 5.62%o over GW 
(Table 4.34b). Among the various fertilizer doses, N120P40K45 and N120P40K.30 were at 
par at all the three sampling stages, thus the later may be optimum, recording an 
increase of 24.31, 34.52 and 36.62% over NQPOKQ. Among the various combinations, 
wastewater together with lower fertilizer dose proved optimum, recording maximum 
at tillering and heading giving an increase of 44.71, 52.07 and 51.49% over 
GWXNOPQKO at the successive stages and being at par with GWXN120P40K45 and 
100%WWxNi2oP4oK45 at the last sampling stage i.e. milky grain. Thus, suggesting 
the possibility of the role played by the nutrients present in wastewater in 
ameliorating various growth and photosynthetic parameters and thereby substituting 
not only the water but also the nutrients and thus proving cost effective method of 
wastewater disposal. Like photosynthetic rate and stomatal conductance, maximum 
WUE was observed at heading stage. 
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4.4.3 Yield and Quality Parameters 
Ear Number Plant' 
Wastewater proved efficacious in enhancing the production of ears and thus, 
plants irrigated under wastewater registered an increase of 9.56% over ground water 
irrigated plants (Table 4.35a). Among the fertilizer doses, N]2oP4oK45, NiioPeoKso, 
Ni?flP6nK45 and N120P40K30 proved equally effective, thus the last may be the optimum 
treatment recording an increase of 43.88% over NQPOKO. The combination of 
100%WW together with N80P40K30 proved optimum being at par with 
GWXN120P40K45, GWXN120P60K30 and GWXN120P60K45 and marking an increase of 
66.75% over GWxNoPoKo. 
Ear Weight Plant'' 
Plants irrigated under wastewater produced heavier ears and an increase of 
9.02% v/as recorded over ground water irrigated plants (Table 4.35b). The fertilizer 
doses also affected ear weight significantly. The treatments N120P60K45, N120P60K30 
and N120P40K45 were at par recording an increase of 47.85, 47.03 and 45.60% over 
NoPoKo, respectively. Among the various combinations, 100%WWxN8oP4oK3o and 
100%WWxN8oP4oK45 were equally effective and were also at par with 
GWXN120P60K30, GWXN120P60K45 and GWXN120P40K45, thus the combination 
100%WWxN8oP4oK3o proving to be the optimum treatment. The percent increase of 
62.72 and 62.94 was noted under 100%WWxN8oP4oK3o and 100%WWxN8oP4oK45 
over GWxNoPoKo. 
Length Ear' 
Wastewater proved beneficial in improving the length of the ears and the 
increase of 6.40% over GW was observed under wastewater irrigated plants (Table 
4.35c). Among the fertilizer treatment, N120P60K30, N120P40K45 and N120P60K45 were 
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Table 4.35 Effect of GW and 100%WW on (a) ear number plant"', (b) ear weight (g 
plant"'), (c) length ear"' (cm), (d) spikelet number ear"', (e) grain number ear'' and (f) 
1000 grain weight (g) of wheat {Triticum aestivum L.) grown under different 
combinations of NPK at tillering, heading and milky grain stages. 
Treatments — 
NoPoKo 
N80P40K.30 
N80P40K45 
NsoPeoKso 
.No;;Pf,eK.J..-
N120P40K30 
N 120P40K.45 
N|2oP60^3O 
N 120P60K.45 
Mean 
NoPoKo 
N80P40K30 
N80P40K-45 
N80P60K30 
N8oP6ol*<-45 
N120P40K30 
N120P40K.45 
N120P60K30 
N120P60K45 
Mean 
NoPoKo 
N80P40K30 
N „ „ P . „ K . = 
N8oP6oK.3() 
N80P60K45 
N120P40K3O 
N120P40K45 
N120P60K-30 , 
N120P60K.45 
Mean 
NoPoKo 
N80P40K30 
N80P40K45 
NgoPfioK^o 
N80P60K45 
N120P40K30 
N120P40K45 
N120P60K30 
N120P60K45 
Mean 
GW 
4.00 
5.00 
4.67 
5.00 
5 no 
6.00 
6.67 
6.33 
6.33 
5.44 
GW 
i0.13 
11.33 
11.67 
11.50 
11.77 
12.80 
13.00 
12.93 
13.13 
12.03 
GW 
14.00 
17.00 
17.33 
18.00 
17.67 
20.67 
21.33 
21.67 
21.67 
18.81 
1 
GW 
39.98 
41.39 
41,26 
41.54 
42.05 
43.87 
44.02 
43.92 
44.12 
42.46 
(a) Ear Number 
100%WW 
4.33 
6.67 
6.33 
6.00 
6.33 
6.00 
6.00 
6.33 
5.67 
5.96 
(c) Length Ear"' 
100%WW 
10.70 
13.23 
13.17 
12.73 
13.07 
13.13 
13.10 
13.20 
12.90 
12.80 
(d) Spikelet Number 
100%WW 
15.00 
22.00 
22.00 
21.67 
21.33 
21.00 
21.67 
21.33 
20.67 
20.74 
Mean 
4.17 
5.83 
5.50 
5.50 
5.67 
6.00 
6.33 
6.33 
6.00 
Mean 
10.42 
12.28 
12.42 
12.12 
12.42 
12.97 
13.05 
13.07 
13.02 
Mean 
14.50 
19.50 
19.67 
19.83 
19.50 
20.83 
21.50 
21.50 
21.17 
(0 1000 Grain Weight 
100%WW 
40.67 
44.07 
44.15 
43.96 
44.02 
43.94 
44.10 
43,97 
43.86 
43.64 
Mean 
40.33 
42.73 
42.70 
42.75 
43.03 
43.90 
44.06 
43.95 
43.99 
GW 
4.56 
6.02 
6.22 
6.13 
6.37 
6.98 
7.09 
7.18 
7.31 
6.43 
Water 
Treatment 
Interaction 
GW 
30.33 
35.00 
36.00 
35.33 
34.67 
41.00 
42.00 
41.67 
37.41 
Water 
Treatment 
Interaction 
(b) Ear weight 
100%WW 
5.23 
7.42 
7.43 
7.18 
7.22 
7.08 
7.16 
7.20 
7.15 
7.01 
LSD at 5% 
Ear 
number 
plant"' 
0.78 
0.37 
1.10 
Ear 
weight 
plant"' 
0.49 
0.23 
0.69 
(e) Grain Number 
100% WW 
31.67 
43.00 
42.33 
42.67 
42.00 
41.00 
41.33 
41.67 
40.00 
40.63 
LSD at 5% 
Spikelet 
number i 
ear"' 
2.01 
0.95 
2.84 
Grain 
lumber 
ear"' 
3.32 
1.57 
4.70 
Mean 
4.89 
6.72 
6.83 
6.65 
6.80 
7.03 
1. i z 
7.19 
7.23 
Length 
0.61 
0.29 
0.87 
Mean 
31.00 
39.00 
39.17 
39.00 
38.33 
41.17 
41.83 
40.83 
1000 
grain 
weight 
0.99 
0.47 
1.40 
N.B ; Subscript values denote the amount of nitrogen (N), phosphoiiis (P) and potassium (K) in kg ha 
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equally effective in enhancing this yield parameter and recorded an increase of 25.43, 
25.24 and 24.95% over NQPOKQ. The interaction was also significant and the 
combination of 100%WW together with N80P40K30 proved optimum being at par with 
100%WWxNi2oP6oK3o, GWxN,2oP6oK45 and GWxN,2oP4oK45. An increase of 30.60% 
was marked by optimum combination over control. 
Spikelet Number Ear 
Like other yield parameters, spikelet formation was also significantly affected 
by the application of wastewater (Table 4.35d). It recorded an increase of 10.26% 
over GW. Among the NPK doses, the treatments, N120P60K30, N120P40K45, N120P60K45 
and N120P40K30 were equally effective and registered an increase of 48.28, 48.28, 
46.00 and 43.66% over NQPOKQ, respectively. Among the various interactions, 
100%WWxN8oP4oK.3o proved to be optimum recording an increase of 57.14%> over 
GWXNQPOKO and being at par with GWXN120P60K45 and GWXN120P60K.30. 
Grain Number Ear' 
As evident from Table 4.35e, wastewater also proved effective in enhancing 
the grain number ear''. Wastewater irrigated plants gave an increase of 8.61%) over 
GW irrigated plants. Fertilizer treatments also affected grain number significantly. 
The treatments N120P60K30, N120P40K45 and N120P40K30 were equally effective and 
recorded an increase of 34.94, 32.81 and 31.71%) over NQPOKQ, thus the last treatment 
proved optimum. Among the various interactions, 100%)WWxN8oP4oK3o again 
proved to be optimum, recording an increase of 41.77%o over GWXNQPQKQ and being 
at par with GWXN120P60K30, GWXN120P60K45 and 100%WWxNi2oP6oK3o. The 
optimum combination produced similar values with some of other combinations of 
GW along with comparatively higher doses of NPK, thus confirming the effectiveness 
of wastewater as a source of plant nutrition. 
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1000 Grain Weight 
Wastewater produced heavier grains and registered an increase of 2.78% over 
GW (Table 4.351). The fertilizer treatments, N120P40K45, N120P60K45 and N120P40K30 
were at par and marked an increase of 9.25, 9.08 and 8.85 over NQPOKO and among the 
three treatments, the last may be termed as optimum. The combination of 100%WW 
along with N80P40K30 proved to be optimum being at par with GWXN120P60K45, 
GWXN120P40K45 and 100%WWxNi2oP4oK45. The optimum combination recorded an 
increase of 10.23% over GWXNQPOKO. 
Grain Yield Plant'' 
As wastewater application proved efficacious in enhancing the yield 
attributing characters, ultimately the grain yield recorded under wastewater was also 
significantly higher marking an increase of 10.91%) over GW irrigated plants (Table 
4.36a). The fertilizer treatments, N120P60K45, N120P60K.30 and N120P40K45 were 
statistically similar, recording an increase of 68.99, 68.03 and 68.03%) over NQPOKO, 
respectively. The interactions were significant and the combination of wastewater 
along with lower NPK dose proved to be optimum. 100%WWxN8oP4oK3o and 
100%WWxN8oP4oK45 recorded an increase of 80.77 and 81.54% over GWXNQPOKO, 
respectively and were at par with GWXN120P60K45, GWXN120P60K30, 
100%WWxN,2oP6oK3o and GWxN!2oP4oK45, thus, the combination of 100%)WW and 
N80P40K30 can be termed as optimum. Consequently, achieving the objective of this 
trial where it was assumed that nutrients present in wastewater can effectively be 
utilized and a good amount of inorganic fertilizer and fresh water can be saved. 
Straw Yield Plant'' 
Wastewater significantly affected the straw yield producing 16.42% more 
straw over GW (Table 4.36b). Among the fertilizer doses, N120P60K30, N120P40K30 and 
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Table 4.36 Effect of GW and ]00%WW on (a) grain yield (g plant''), (b) straw yield 
(g plant'), (c) biological yield (g plant"'), (d) carbohydrate content (%) and (e) protein 
content (%) of wheat {Triticum aestivum L.) grown under different combinations of 
NPK at tillering, heading and milky grain stages. 
NoPoKo 
NgoP4oK.30 
N80P40K-45 
NgaP^nKjc 
N80P60K45 
N120P40K-30 
N120P40K.45 
N120P60K30 
N120P60K-45 
Mean 
NoPoKo 
N80P40K-30 
N80P40K45 
N80P60K30 
N80P60K45 
N120P40K.30 
N120P40K.45 
N120P60K30 
N120P60K45 
Mean 
NoPoKo 
N80P40K45 
NsoPeoKso 
N8UP60K45 
N120P40K-30 
N120P40K-45 
N120P60K.30 
Nl20-P6oK<)5 
Mean 
GW 
3.90 
5.60 
5.72 
5.69 
5.80 
6.64 
6.96 
7.01 
7.11 
6.05 
GW 
9.13 
13.13 
13.41 
13.32 
13.60 
17.02 
17.49 
17.47 
17.71 
14.70 
(a) Grain Yield 
100%WW 
4.42 
7.05 
7.08 
7.00 
7.01 
6.93 
7.02 
6.98 
6.95 
6.71 
(c) Biological Yield 
100% WW 
10.74 
17.91 
17.76 
17.80 
17.60 
17.45 
17.39 
17.46 
16.95 
16.78 
Mean 
4.16 
6.32 
6.40 
6.35 
6.40 
6.78 
6.99 
6.99 
7.03 
Mean 
9.94 
15.52 
15.59 
15.56 
15.60 
17.24 
17.44 
17.47 
17.33 
(d) Carbohydrate Content 
GW 
74.10 
76.42 
77.02 
76.93 
77.12 
78.02 
78.23 
77.98 
78.17 
77.11 
100%WW 
75.84 
77.86 
78.07 
78.01 
78.15 
78.08 
78.36 
78.11 
78.24 
77.86 
Mean 
74.97 
77.14 
77.55 
77.47 
77.64 
78.05 
78.30 
78.05 
78.20 
GW 
5.24 
7.54 
7.70 
7.63 
7.80 
10.39 
10.53 
10.46 
10.60 
8.65 
Water 
Treatment 
Interaction 
GW 
11.08 
13.30 
13.45 
13.15 
1 0 /' n ) J . O / 
14.02 
14.16 
13.98 
14.21 
13.45 
Water 
Treatment 
Interaction 
(b) Straw Yield 
100%WW 
6.33 
10.86 
10.68 
10.80 
10.59 
10.37 
10.48 
10.00 
10.07 
LSD at 5% 
„ . . . . Straw Gram yield . . , 
0.55 1.18 
0.26 0.55 
0.78 1.66 
(e) Protein Content 
100% WW 
11.25 
13.96 
14.11 
14.03 
1 ^ 1 O 
14.18 
14.21 
14.06 
14.28 
13.80 
LSD at 5 % 
Carbohydrate 
content 
0.53 
0.25 
0.75 
Mean 
5.78 
9.20 
9.19 
9.21 
9.19 
IKJ.HK) 
10.45 
10.47 
10.30 
Biological 
yield 
1.49 
0.70 
2.10 
Mean 
11.17 
13.63 
13.78 
13.59 
1 0 n n 1 J . y\j 
14.10 
14.18 
14.02 
14.24 
Protein 
Content 
0.29 
0.14 
0.42 
N B,: Subscript values denote the amount of nitrogen (N), phosphorus (P) and potassium (K) in kg ha 
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Nt2oP4oK45 were statistically similar, recording an increase of 81.14, 80.97 and 
80.80% over NQPOKO. The combination of 100%WW and lower doses of NPK was 
optimum. 100%WWxN8oP4oK3o and 100%WWxN8oP4oK45 were similar in effects 
giving an increase of 107.25 and 103.82% over GWxNoPoKo, respectively and were at 
par with GWXN120P60K45, GWXNJ20P40K45 and GWXN120P60K30. 
Biological Yield Plant' 
The enhanced accumulation of biomass under wastewater irrigation resulted in 
improved biological yield, giving an increase of 14.15%) over GW (Table 4.36c). 
Significant effect of fertilizer treatments was also observed and the doses, N120P60K30, 
N120P40K45 and N120P60K45 were statistically similar and recorded an increase of 
75.75, 75.45 and 74.35%) over NQPOKQ. Among the interactions, 
100%WWxN8oP4oK3o proved to be optimum recording an increase of 96.17%o over 
GWxNoPoKo and being at par with GWXN120P60K45, GWXN120P40K45, 
GWXN120P60K30 and 100%WWxNi2oP6oK3o. 
Total Carbohydrate Content 
Under wastewater irrigation, an increase of 0.97%) in grain carbohydrate 
content was observed over GW (Table 4.36d). Among NPK treatment, N120P40K45, 
N120P60K45 and N120P60K30 were similar in effects, recording an increase of 4.44, 4.31 
and 4.11 % over NOPOKQ. The treatment, N)2oP6oK3o was also at par N80P60K45. 
Among the various interactions of wastewater and fertilizer doses, 
100%WWxN8oP4oK3o proved optimum. It was at par with GWXN120P40K45, 
GWxN]2oP6oK45 and 100%WWxNi2oP6oK30, recording an increase of 5.07%o over 
GWxNoPoKo. 
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Total Protein Content 
Wastewater enhanced protein content of grains of 2.60% over GW (Table 
4.36e). Fertilizer treatment also affected it significantly. N120P60K45, N120P40K45, 
N120P40K30 and N120P60K30 showed similar effects and were statistically at par 
marking an increase of 27.48, 26.95, 26.23 and 25.51% over NOPOKQ. The last 
treatment was also similar to N80P60K45. Among the interactions, 
100%WWxN8oP4oK3o was the optimum combination as it showed at par values with 
the combination of GW with higher fertilizer doses. The optimum combination 
recorded an increase of 25.99% over GW^NQPOKQ and was statistically similar to 
GWXN120P60K45, GWXN120P40K45, GWxN,2oP6oK3oand 100%WWxNi2oP4oK45. 
CHAPTER V. DISCUSSION 
rhere are many factors responsible for low yield of wheat but poor crop 
nutrition, insufficient irrigation and use of varieties with low yield potential are some 
of the most important. High yielding wheat varieties demand adequate nutrient 
supply to produce maximum grain yield (Ali and Yasin, 1991). In a normal soil, all 
essential nutrients are generally present, however, continuous cropping results in 
depletion of nutrients from the soil which cannot properly nourish crops without their 
regular supply (Russell, 1950; Donahue et al , 1990). Thus, the judicious application 
of nutrients can play an indispensable role in the realization of the full genetic 
potential of crop plants (Milthorpe and Moorby, 1979) which is also evident from the 
results of present study (Experiment I-IV). 
5.1 Nitrogenous Fertilizer (Experiment I) 
Plant growth is the expression of interplay between meristematic activities and 
metabolic processes leading to an increase in biomass (Moorby and Besford, 1983). 
In addition to its role in cell division and expansion (Gardner et al., 1985), nitrogen is 
also essential for a number of biologically important molecules (Salisbury and Ross, 
1992). Therefore, the amount of nitrogen applied to plants must be carefully managed 
to ensure that it may be available throughout the growing season so that growth and 
development may not be restricted (Vidal et al., 1999). 
In Experiment I, nitrogen without wastewater @ 120 kg ha'' (N]2o) proved 
good for growth (Table 4.1, 4.2 and 4.3a) and yield parameters (Table 4.8) including 
grain yield (Table 4.9a) and carbohydrate content (Table 4.9d). Expectedly, it was 
due to the supply of adequate N which increased the number of meristemetic cells 
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leading to the formation of tillers (Table 4.1b) in addition to leaf expansion (Table 
4.3a) and number (Table 4.1a) which was also observed in wheat by Lawlor et al., 
1989. When its supply is suboptimal, the growth may remain retarded (Marschner, 
2002) confirming the findings of the present study where N40 proved deficient 
recording comparatively lower values for leaf number (Table 4.1a), leaf area (Table 
4.3a), plant fresh mass (Table 4.2a) and plant dry mass (Table 4.2b). However, it is 
noteworthy to mention here that when interactions were observed, medium dose (Ngo) 
proved optimum which was not surprising as the wastewater had supplemented N in 
the form of NH4^ and NO3" ions throughout the growing season along with some other 
essential nutrients (Table 3.3). In addition, some nitrogen was also available from the 
soil as well (Table 3.6). It may also be pointed out that 100%WWxN8o was at par 
with GWxNi2o thus the former combination proved economically and 
environmentally viable. 
It may further be added that supply of this nutrient also increased the total 
chlorophyll content, nitrate reductase and carbonic anhydrase activities (Table 4.6a, 
4.4a and 4.3b). According to Schiller et al., 1967 climate, soil fertility, and genotype 
are the main factors which influence both protein quality and quantity in wheat. 
However, one limiting factor in the synthesis of protein is the ability of the wheat 
plant to utilize available nitrogen as nitrogen assimilation is essentially an enzymatic 
process. In plants using nitrate, the primary metabolic step is the reduction of nitrate 
to nitrite, catalysed by nitrate reductase. Nitrite is subsequently reduced to ammonia 
by nitrite reductase and further metabolism proceeds by way of other enzymatic 
reactions in which nitrogen is incorporated into a wide range of compounds. Of the 
two, nitrate reductase has the biochemical characteristics which suggest that reaction 
it controls is the rate-limiting step of the inorganic phase of nitrogen metabolism 
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(Beevers and Hageman. 1972). Being the first irreversible and often rate determining 
step ot the N assimilatory pathway, nitrate reduction has been a favorite step for 
physiological approach to optimize N fertilizer use, acts as an indicator of nitrogen 
requirement (Abdin et al.,1992; Ahmad and Abdin, 1999). Nitrate reductase levels 
have been shown to fluctuate in response to changes in environmental conditions, 
including availability of N (Ingle et al., 1966). In our study, NR activity of leaf tissue 
was highly influenced by nitrogen fertilization as it increased with the increase in 
fertilizer dose up to N120 alone or Ngo with wastewater, recording maximum at 
heading, thereafter declined towards the milky grain stage (Table 4.4a). Similar 
observations were made in wheat by Hernandez et al, 1973 and Bailing et al., 1975. 
Another enzyme carbonic anhydrase which is responsible for the reversible hydration 
of CO2 and is necessary for optimal photosynthetic activity (Everson, 1970) and its 
activity declines within few days if nitrogen is deficient (Marschner, 2002) as 
observed under lower dose (Table 4.3b) applied in Experiment I. 
Since chlorophyll content is of particular significance as an indicator of 
photosynthetic activity (Larcher, 1995) and nitrogen concentration is related to 
chlorophyll content, therefore indirectly to one of the basic plant physiological 
processes, the photosynthesis (Bojovic and Stojanovic, 2005). There are numerous 
studies suggesting that photosynthetic capacities of higher plants change dramatically 
in response to N supply (Bondada and Syvertsen, 2003; Marchese et al., 2005) and as 
observed in our study (Table 4.6b). The stimulation of photosynthesis due to N may 
have positive effect on plant growth (Table 4.1, 4.2, 4.3a). It may be pointed out that 
about 70% of N in plant leaves exists in chloroplast and most of it is used to 
synthesize photosynthetic apparatus. Thus its supply is extremely important for the 
performance of photosynthetic apparatus (Huber et al., 1989; Uprety and Mahalaxmi, 
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2000). During present study also, best photosynthetic activity with maximum PN, gs 
and WUE was recorded either under N120 alone or Ngo with 100%WW (Table 4.6b, 
4.7). Similarly, total dry matter (Table 4.2b) was increased as a result of increased 
leaf area (Table 4.3a) which provided larger area for the interception of solar radiation 
and thus higher photosynthetic rate (Table 4.6b) thereby improved yield attributes 
with higher test weight (Table 4.8f), grain and straw yield (Table 4.9a, 4.9b) and 
carbohydrate content (Table 4.9d) as compared to control. The linear regression 
obtained between leaf area and photosynthetic rate (Fig. 5.1); and photosynthetic rate 
and total carbohydrate content (Fig. 5.2) further buttresses this view. 
Results of Experiment I showed a differential response to deficient N (N40) 
and adequate N (N120) or (100%WWxN8o) doses. Many workers have shown that the 
semi-dwarf wheat perform well under high moisture and high N levels (Uddin and 
Marshall, 1989). Similarly, in this experiment, it was found that N deficiency 
decreased grain yield (Table 4.9a) because it had an adverse effect on the yield 
contributing characters, crop growth and even photosynthesis which ultimately 
affected the assimilate supply to the developing ears. On the contrary, optimum level 
(N120 or 100%WWxN8o), improved most yield attributes (Table 4.8), including grain 
yield (Table 4.9a and Fig. 5.3) due to more and longer ears (Table 4.8a and 4.8c) that 
contained more spikelets (Table 4.8d) and grains (Table 4.8e) than under N deficient 
dose. .lamali et al., 2003 also reported similar findings in which number of spikelets 
had positive and highly significant association with the number of grains per ear and 
grain yield. 
Besides yield, nitrogen treatment N]2o alone or Ngo with wastewater proved 
better than all other treatments for grain protein (Fig. 5.3) and carbohydrate content 
(Table 4.9d) also. In cereals, beneficial role of applied N in terms of grain quality is 
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well established as reported by a number of researchers including McNeal et al., 1971 
and Afridi et al., 1977 for wheat. The increase in grain protein content under these 
treatments might be due to higher reserves of N stored in vegetative parts, which may 
later be remobilized to the grains of lower sink strength (Peltonen, 1993: Kettlewell, 
1996; Ortiz-Monasterio et al., 1997). Also, ready availability of N from soil at later 
growth stages, due to regular wastewater application, might be responsible for higher 
protein, as this N may be directly translocated to the developing grains besides the 
remobilization of N from the source at later phase (Cassman et al., 1992). An 
increase in NR activity and NPK contents in leaves which were positively correlated 
with protein content are given in Table 5.1 further strengthening the above 
observations. 
Table 5.1 Correlation coefficient (r) values of NR activity and leaf N, P, K contents 
with protein content at three stages of Experiment I. 
Parameters 
NR activity 
N 
p 
K 
Tillering stage 
0.975** 
0.980** 
0.974** 
Protein content 
Heading stage 
0.969** 
0.969** 
n 078** 
0.963 
Milky Grain stage 
0.965** 
0.944** 
n Q7A** 
0.947 
SigniTicaiit at \' -^ O.U5 (0.5 /O) 
** Significant at 1' = 0.01 (0.708) 
5.2 Phosphatic Fertilizer (Experiment II) 
Undoubtedly, it is an indispensible nutrient for plant growth and development 
and its deficiency retards plant growth, cell and leaf expansion (Marschner, 2002). It 
has many roles in cell division, stimulation of early root growth, hastening plant 
maturity, fruiting and grain production. Application of P thus promoted growth and 
the effect was significant nearly at all sampling stages being more pronounced when 
given with wastewater. The data confirmed the well established role of phosphorus, 
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as adequate phosphorus either without wastewater (GWxP6o) or with wastewater 
(100%WWxP4o) promoted tissue and organ formation thereby growth, culminating in 
enhanced leaf (Table 4.1 Oa) and tiller formation (Table 4.1 Ob). Expectedly, the 
resulting increased photosynthetic area has a higher photosynthetic rate, as reported 
by Osman et al., 1977; Longstreth and Nobel, 1980 producing more dry matter (Table 
4T 1 b). The importance of leaf area in terms of leaf area index as determinant of 
radiation interception has also been recognized in field crops (Kumar et al., 1997) and 
is also known to improve the rate of assimilate production per unit leaf area (Jacob 
and Lawlor, 1991) and as observed in our study too (Fig. 5.4 and Fig. 5.5). On the 
contrary, the most striking effects of phosphorus deficiency are reduction in leaf 
expansion and leaf surface area (Fredeen et al., 1989) and also the number of leaves 
(Lynch et al., 1991) which was also observed under P20, a deficient dose (Table 
4.10a). In case of photosynthetic activity, deficiency of? was found to decrease it in 
spinach (Bottrill et al., 1970) and tobacco (Kakie, 1970) which was also reflected in 
Table 4.15b. This inhibition of photosynthesis by P limitation has often been 
explained by depressing Calvin cycle activity in particular and also by decreasing the 
amount and activity of rubisco (Lauer et al., 1989; Stark et al., 2000), therefore, lower 
rate of photosynthesis and the activity of various enzymes (Avdeeva and Andreeva, 
1974). Likewise, the decline in the stomatal conductance (Table 4.16a) leading to 
decrease in the photosynthetic rate (Table 4.15b) was observed in Experiment II. 
Similarly, there are reports wherein insufficient P has been shown to limit chlorophyll 
and protein content (Xu et al, 2007). 
On the contrast to direct role of N, the effect of P on leaf NR activity (Table 
4.13a) seemed to be indirect. It affects the phosphorylation and diversion of simple 
sugars towards respiration as a result of which release of photosynthates from 
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chloroplast and their oxidation subsequently produces more reducing power for NO3' 
reduction (Kow et al., 1982). 
In general, the effect of Peoon yield characteristics including grain yield was 
significantly higher (Fig. 5.6) and the combination of 100%WWxP4o was equally 
effective. In case of adequate P supply, roots retain a small quantity of the total P 
applied and distribute the rest to the developing parts in addition to its translocation 
from stem and leaves to developing grains (Ozanne, 1980). The increased ear 
production (Table 4.17a) and ear weight (Table 4.17b) under these treatments indicate 
the involvement of P in the production of fertile tillers (Prasad and Singh, 1983) and 
proper partitioning of photosynthates between vegetative and reproductive parts of the 
plant (Black, 1968). Similarly, an increase in ear length with higher phosphorus dose 
or 100%WWxP4o compared to P20 may be an indicator of its promotory role (Hewitt, 
1963; Patnaik, 1987). Likewise, it has also played an important role in enhancing 
spikelet number (Table 4.17d) and grain number (Table 4.17e) in addition to 1000 
grain weight (Table 4.17f), confirming the role of phosphorus in swinging the 
partitioning of photosynthates towards grain filling as noted in cereals by Qaseem et 
al., 1978; Giaquinta and Quebedeaux, 1980. In the present study also, the 
effectiveness of 100%WWxP4o in promoting vegetative growth which was reflected 
in yield attributes was therefore, not surprising as this treatment resulted in higher 
grain and straw yield. Strong correlation coefficient values (r) between leaf number 
(0.973**, 0.965**, 0.985**), leaf area (0.991**, 0.993**, 0.983**) at three stages, ear 
number (0.983 ), grain number (0.963 ) and 1000 grain weight (0.977 ) at harvest 
with grain yield further supported the above observations. 
Contrary to the beneficial effect of N on protein content, P application did not 
alter this quality character. It may be interesting to note that P nutrition has no 
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important role to play with regard to the quality of grains (Hanway and Oison, 1980), 
except under deficiency conditions although phosphorus is required for absorption 
and assimilation of N by wheat plants (Harper and Paulsen, 1969), for translocation of 
N from vegetative parts to grain (Mosolov and VoUeidt, 1962) which may indirectly 
affect the protein content. The correlation coefficient values of grain protein content 
with leaf NPK contents and NR activity at various stages of growth (Table 5.2) also 
strengthen above views. 
Table 5.2 Correlation coefficient (r) values of NR activity and leaf N, P, K contents 
with protein content at three stages of Experiment II. 
Parameters 
NR activity 
N 
P 
K 
* Siiinificant at P = 
** Sitinificant at P = 
Tillering stage 
0.971** 
0.976** 
0.980** 
** 
0.976 0.05(0.576) 
0.01 (0.708) 
Protein content 
Heading stage 
0.976** 
0.979** 
0.983** 
0.985** 
Milky Grain stage 
0.983** 
0.966 
0.977** 
0.983** 
Moreover, P supply seemed to delay whole plant and tiller senescence, which 
would contribute to both high grain yields and high protein concentration (Mikesell 
and Paulsen, 1971). Similarly, the same optimum dose also increased the 
carbohydrate content (Table 4.18d) significantly due to the importance of phosphorus 
through its role in energy-rich ATP and NADP, which are involved not only in the 
production of carbohydrate in the source but also in its conduction towards the sink 
(grains). 
5.3 Potassic Fertilizers (Experiment III) 
While potassium is not a constituent of any plant structures or compounds, it 
has many important regulatory roles. It is essential in nearly all processes needed to 
sustain plant growth and reproduction. Therefore, in Experiment III, the enhanced 
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growth characteristics (Table 4.19. 4.20) under K45 were observed while with 
wastewater comparatively lower dose (K30) proved beneficial. The observed higher 
leaf area (Table 4.21a) may be ascribed to K role in augmenting the cell size (Mengel 
and Arneke, 1982). Similarly, its presence is essential for attaining full activity of 
enzymes which have an impact on numerous physiological processes (Mengel and 
Kirkby, 1980) and some of them are of major relevance for the plant growth and 
development. Besides being the activator or co-factor of various enzymes, it is 
dominant counter ion to light induced H^ influx across thyllakoid membranes (Tester 
and Blatt, 1989) and for the establishment of pH gradient necessary for ATP 
synthesis. Moreover, there are several plant nutrition studies also where in K has 
been identified as the only monovalent cation essential for all higher plants playing a 
major role in various physiological and biochemical processes including the 
photosynthesis (Marschner, 1971) which was also in line with the observed 
enhancement of the photosynthetic activity measured in terms of photosynthetic rate 
(Table 4.24b) and stomatal conductance (Table 4.25a). It may be justified in the light 
of the observations of Fischer, 1968; Fischer and Hsiao, 1968 that the mechanism of 
stomatal opening and closure is known to depend on K* fluxes in the guard cells. 
Thus, a considerable decrease in the photosynthetic rate and stomatal conductance 
was observed in the plants grown without potassium (Ko) while the enhanced leaf 
area, photosynthetic rate (Table 4.21a, 4.24b and Fig. 5.7) which was responsible for 
increase in total carbohydrate content (Fig. 5.8) and in addition, higher dry matter 
production (Table 4.20b) was observed under adequate K treatments. 
Potassium is also involved in peptide bond synthesis and in other energy 
releasing processes, and thus an energy shortage in plants poorly supplied with K may 
induce a delay in protein synthesis which in turn may indirectly affect enzyme 
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activity. This has been shown for nitrate reductase by Pfluger and Wiedemann, 1977 
and similar resuhs were obtained in Experiment III (Table 4.22a) where poor NR 
activity under deficient dose (K15 and Ko)was recorded. Potassium also enhances 
NPK contents which may be due to increase in the external application of K, and it 
may be pointed out that the variations in mineral contents including N and P are 
influenced by various factors, including the type of crop and varieties, growth habits 
of root systems, the ability to absorb nutrients present near root zone and chemical 
composition of the medium in which the plant has grown (Noggle and Fritz, 1986). 
While observing yield physiology, it is desirable to consider not only the 
tissues involved in the storage of food (sink) but also the plant parts producing these 
photosynthates (source). In our study, K45 was the highest dose, however, 
100%WWxK3o performed better for growth parameters (Table 4.19, 4.20 and 4.21a). 
The logical expectation that this augmented source would lead to better development 
of the components of the sink was corroborated by the data in tables (Experiment III) 
wherein above mentioned treatment proved optimum for ear plant"' (Table 4.26a), ear 
weight (Table 4.26b), grains ear"' (Table 4.26e), 1000 grain weight (Table 4.26f) and 
grain yield (Table 4.27a and Fig. 5.9). In this context mention may be made of 
Haeder and Beringer, 1981 who attributed the yield response of wheat to K 
fertilization primarily to increased single grain weight and, to lesser extent, to the 
number of ears plant"' and number of grains ear" . Similarly, increasing rates of K 
raised wheat yields chiefly due to a striking rise in grain weight, greater number of 
ears planf' and of grains ear"' (Forster and Beringer, 1981). While prolonged grain 
filling period was important for the formation of larger grain as K fertilizer 
lengthened the period of grain filling of wheat by both advancing anthesis and 
delaying senescence (Haeder and Beringer, 1981). 
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Potassium is often described as the ''quality element" for crop production. 
Withi its sliortage. piiotosynthesis, respiration, translocation and a number of enzyme 
systems may be disrupted, thereby causing reduction in crop quality (Evans and 
Sorger, 1966). It is also known to play key role in the transport of essential 
ingredients in protein to the site of its synthesis. Several studies have demonstrated 
the stimulation of NO3' uptake and transport when K is the accompanying cation 
compared with other cations (Blevins et al., 1978a, b; Minotti et al., 1968; Blevins, 
1985) influencing the protein synthesis. Potassium not only promotes the 
translocation of newly synthesized photosynthates but has also a beneficial role in the 
mobilization of stored material. Secer, 1978 reported that in spring wheat K increased 
the mobilization of proteins stored in leaves and stems and also promoted the 
translocation of the nitrogenous degradation compounds towards the grains. It was 
therefore, not surprising that the application of adequate quantities of K (either K45 or 
K30X WW) was found necessary for maintaining grain quality (Fig. 5.9) as observed in 
our study. It may not be out of place here to mention that cereals receiving good K 
supply absorbed more N during grain filling (Koch and Mengel, 1977). 
5.4 NPK Fertilizers (Experiment IV) 
In general, as observed with individual NPK fertilizers (Experiment I-III), 
lower doses with wastewater were equivalent and in some cases even better to the 
ground water in combination with comparatively higher fertilizer doses. The 
influence that one element makes on the other is important in plant nutrition and these 
may occur in soil, in plant or in both which has been aptly explained by Russell, 1973, 
"if two factors are limiting or nearly limiting growth, adding only one of them will 
have little effect on growth whilst adding both together will have a considerable 
effect. Two such factors are said to have a large positive interaction in such 
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circumstances for the response of the crop to both together is larger than the sum of 
their responses to each separately"'. Furthermore, Petkov, 1983 reported that the 
combined application of N, P and K has proved to be more effective in increasing 
yield of wheat as compared to sole application of either N or P or K. The present data 
(Experiment IV) also revealed that there was a synergistic effect of N, P and K when 
applied together at their optimums and therefore, significant increases in leaf number 
and leaf area (Table 4.28a and 4.30a), photosynthetic rate (Table 4.33b) and yield 
parameters (Table 4.35) including grain yield (Table 4.36a and Fig. 5.12) were 
observed under the treatments N120P40K45, N120P60K30, N120P60K45 which also proved 
good for protein (Table 4.36e and Fig. 5.12) and carbohydrate contents (Table 4.36d). 
The linear regression between leaf area and photosynthetic rate (Fig. 5.10); 
photosynthetic rate and total carbohydrates (Fig. 5.11) clearly reflected our 
observations. However, together with wastewater the fertilizer combination of 
N80P40K30, N80P40K45 and N80P60K30 were equally effective for grain yield as well as 
for the grain quality. Thus, among the three combinations, WWXN80P40K30 proved 
best, confirming the possible involvement of the nutrients present in wastewater as 
explained later in this chapter. This synergistic interplay of the three nutrients which 
are known to accelerate root proliferation (Salisbury and Ross, 1992), thereby 
extracting more nutrients in the root zone lead more growth (Table 4.28, 4.29a and 
4.30a) thereby greater dry matter accumulation (Table 4.29b) as indicated by higher 
NPK contents in leaves (Table 4.3 lb and 4.32). Similar, positive interactions between 
N and P were also noted by Russell. 1973; and between N and K by Murphy, 1980. 
This was also strengthened by the positive correlations of NR activity and NPK 
contents with grain protein content (Table 5.3). 
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Table 5.3 Correlation coefficient (r) values of NR activity and leaf N, P, K contents 
with protein content at three stages of Experiment IV. 
Parameters 
NRA activity 
N 
P 
K 
* Siiini flcHnt dA F*" 
* '• Significant at P 
Tillering stage 
0.940 
0.943** 
«4 
0.974 
0.944 
^ 0,05 (0.468) 
0.01 (0.590) 
Protein content 
Heading stage 
0.925 
0.947 
0.965** 
0.934** 
Milky Grain stage 
MA 
0.951 
0.932** 
0.967** 
0.875 
The increased leaf number and leaf area as pointed out earlier with better 
orientation of leaves would help in harvesting the required quantity of solar energy 
leading to enhanced yield attributes like number of ears (Table 4.35a) and 1000 seed 
weight (Table 4.35f) and grain yield (Table 4.36a). It may be because of the 
combined effect of NPK and their sufficient supply thereby increasing the 
protoplasmic constituents and accelerating the process of cell division and elongation, 
resulting in increased leaf-area index and the photosynthetic pigments in leaves, 
subsequently more photosynthesis (Table 4.33b) and dry matter accumulation (Table 
4.29b). These findings also corroborate with the reports of Goswami et al, 1990; 
Patra et al., 1998; and Azad et al., 1998. However, the higher doses along with 
wastewater could not improve the yield further, indicating the luxury consumption of 
NPK fertilizers as they did not adversely affected yield. 
Similarly, balanced application of fertilizers proved equally effective in 
improving quality of grains in terms of carbohydrate and protein contents (Table 
4.36d and 4.36e). Similar findings were reported by Day et al., 1975 and more 
recently by Singh et al., 2002. However, conflicting reports are available where the 
wastewater irrigation adversely affected the grain quality in terms of protein and 
carbohydrate contents (Veer and Lata, 1987; Aziz et al., 1996). Moreover, higher 
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fertilizer doses with wastewater could not further enhance the quality reflecting their 
luxury consumption or in other words profligacy of inorganic fertilizers. 
5.5 Nutrients Present in Wastewater and Their Role (Experiment I-IV) 
Wastewaters from urban sources have great potential for re-use as a source of 
water, organic manure, nutrients and soil conditioning agent (Cameron et al., 1996). 
It contains nutrients of fertilizing value (Soumare et al., 2003) that enhances growth 
and productivity of crop plants (Shah et al., 2004). Among them, nitrogen for 
example, was present in both ionic forms (Table 3.3) and as pointed out by Kirkby 
(1981), suitability of N H / or NO3" depends upon many factors and normally the 
highest growth rate and yield are obtained by combined supply of both ions as noted 
in the present study also. It may also be pointed out that the form of nitrogen plays a 
key role in the cation-anion relationship in plants as sufficient quantity of cations and 
anions taken up are represented by either NH4"^  or NO3" (Vanlauwe et al., 2002). 
Thus, in principle, NH4"^  fed plants are characterized by high cation-anion uptake ratio 
and in contrast, NO3" fed plants by a high anion-cation uptake ratio. This may explain 
why the optim.al growth for most plant species is usually obtained with mixed supply 
of NH4"^  and NO3". It is noteworthy that applied NH4"^ -N is toxic for some higher 
plants including beans and peas (Maynard and Barker, 1969), however, in presence of 
N03"-N, it has been reported to benefit sunflower (Weissman, 1964) and wheat (Cox 
and Reisenauer, 1973). Thus, the observed nutritional superiority of the wastewater 
containing both ammonium-N and nitrate-N was possibly responsible for better 
performance of the crop grown under the wastewater irrigation. 
As vegetative growth in wheat includes formation of new leaves, tillers and 
attaining more fresh mass, the involvement of N through protein metabolism controls 
them. This was also clearly indicated by the observed enhanced growth (Table 4.1, 
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4.2a, 4,10, 4.1 la, 4.19, 4.20a, 4.28 and 4.29a) and NPK content in the leaves (Table 
4.4b, 4.5, 4.13b. 4.14, 4.22b, 4.23. 4.31b and 4.32) under the wastewater irrigation. A 
substantial increase in dry matter in all the four experiments was also observed (Table 
4.2b. 4.1 lb, 4.20b and 4.29b) because of the increased leaf area (Table 4.3a, 4.12a, 
4.21 a and 4.30a) which might have influenced the light absorption within a plant 
causing stimulation of PKI (Table 4.6b, 4.15b, 4.24b and 4.33b), thereby optimizing 
the CO2 assimilation and photosynthate production. The increase in chlorophyll 
content and photosynthesis with the use of sewage water was also reported by 
Muthuchelian et al., 1988; and Gupta et al., 2005 emphasising that wastewater 
contained high amounts of nitrogen and other nutrients and their uptake in plants may 
be responsible for the increase in productivity. Similarly, enhanced activities of CA 
and RuBP carboxylase due to N was reported by Terashima and Evans, 1988 and 
stimulation in CA activity was observed in the present study (Table 4.3b, 4.12b, 4.21b 
and 4.30b). 
Another essential nutrient, P when supplied in limiting amounts to sugar beet 
has m.uch greater impact on growth than on photosynthesis (P,.ao et ai., 1987a, b; Rao 
and Terry, 1989). In Experiment I-IV, better growth was observed due to wastewater 
having 1.26, 1.28 and 1.59 mg P/1 (Table 3.3) together with other essential and 
beneficial nutrients. It further needs emphasis that application of phosphorus has its 
limitations as P applied to the soil is very rapidly changed to less soluble form and 
therefore, becomes less available with time. Admittedly in short season crops, like 
some vegetables, growth responses to applied P may persist up to harvest. On the 
contrary, comparatively long season crops, like com and wheat, may show only slow 
growth responses and much lesser effect at seed formation and maturity. Therefore, 
regular supply of the wastewater as explained in Chapter II could have ensured 
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availability of P. thus, improved the growth (Table 4.1, 4.2, 4.3a, 4.10, 4.11, 4.12a, 
4.19. 4.20. 4.21 a, 4.28, 4.29 and 4.30a) and development which ultimately led to 
higher grain yield and protein content (Fig. 5.6). 
Potassium in wastewater is normally present in mineral form that is available 
for plant uptake (Mengel et al, 2001). Its requirement for optimal plant growth is in 
the range of 2-5% of the plant dry weight of the vegetative parts and in the present 
study it varied from 3.22 to 4.86% (Table 4.5b, 4.14b, 4.23b and 4.32b). It is known 
to play a significant role in stomatal opening and closing (Fischer and FIsiao, 1968) 
and under light conditions the guard cells produce abundant ATP, thus supporting the 
active K^ uptake with sufficient energy (Humble and Hsiao, 1970) resulting high 
turgor pressure thus causing opening of the stomata. The diffusion of CO2 into the 
stomata is followed by its transport into the chloroplasts where it is reduced by 
ribulose-l,5-biphosphate carboxylase/oxygenase (RuBPCO). It is this supply of CO2 
which catalyses reversible dehydration of HCO3" to CO2 in close proximity to the CO2 
fixing enzyme. The functioning of this entire mechanism is likely to be improved by 
enhancement of the activity of both CA which was also observed in this study (Table 
4.3b, 4.12b, 4.21b and 4.30b) and RuBPCO studied elsewhere. It is also well known 
that N is fully utilized for crop production only when K is adequate (Mengel and 
Kirkby, 1982) and the presence of K in wastewater was nearly double the amount 
present in the ground water (Table 3.3) and therefore, the crop under study was 
benefitted not only due its own physiological role (Wolf et al., 1976) but also by 
enhancing the effect of N. This was also strengthened by the presence of higher N 
and K contents in the leaves of the plants receiving the wastewater (Table 4.4b, 4.5b, 
4.13b, 4.14b, 4.22b, 4.23b, 4.31b and 4.32b). 
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In addition to these three major macronutrients explained above, presence of 
other essential nutrient like sulphur could have also played a vital role in plant 
metabolism as its deficiency is common (Murphy and Boggan, 1988). However, 
when wastewater is applied, it also becomes available to plants at critical stages of 
growth and is incorporated readily into proteins and enzymes, resulting in improved 
performance of the crop. Sulphur also increases phosphorus availability and enhances 
assimilation rate ultimately leading to higher grain yield (Table 4.9a, 4.18a, 4.27a and 
4.36a). It may be pointed out that the application of nitrogen in the form of urea is 
also ineffective unless sulphur is applied simultaneously and its deficiency reduces 
the leaf area (Wang et al., 1976) besides decreasing the chlorophyll content (Dietz, 
1989). Moreover in sulphur deficient plants not only the protein content decreases but 
also the sulphur content in the proteins indicating that the proteins with lower 
proportions of methionine and cysteine but higher proportion of other amino acids 
such as arginine and aspartate are synthesized. This decrease in the sulphur rich 
proteins is not confined to wheat grains but can also be found in other cereals and 
legumes (Randall and Wrigley, 1986) and the lower sulphur content of the proteins 
influences the nutritional quality considerably (Arora and Luchra, 1970). Although in 
the present study, quality of the protein was not worked out but the total protein was 
significantly enhanced in wastewater fed plants (Table 4.9e, 4.18e, 4.27e and 4.36e). 
Similarly, the presence of Ca^ "^  and Mg^^ (Table 3.3) could have further added the 
benefits as Ca ^ being an essential component of cell wall is involved in the cell 
division (Schmit, 1981) while Mg is a central atom of chlorophyll and is required 
for structural integrity of chloroplast (Moorby and Besford, 1983) on which the rate of 
photosynthesis is directly dependent and thus rate of photosynthesis is lower in Mg^ "^  
deficient plants (Forster, 1980). It may be pointed out that the chlorophyll content 
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and the photosynthetic rate (Table 4.6, 4.15, 4.24 and 4.33) was enhanced in plants 
grown under wastewater indicating the possible involvement of Mg^^ in addition to 
other nutrients. Likewise, the presence of CI', one of the essential micronutrients, 
could have also played an important role in stomatal regulation and its impairment in 
palm trees was considered to be the major factor responsible for growth depression 
(Braconnier and d'Auzac, 1990) and reduction in the leaf surface area and there by 
the plant dry weight. It may be noted that Ni which was also present in wastewater 
has recently been added to the list of essential nutrients and its deficiency leads to 
depressed seedling vigour, chlorosis and necrotic lesions in leaves (Hopkins and 
Huner, 2004). On the contrary, Na^ is not essential and has been placed in the 
category of beneficial elements for plants but its presence (Table 3.3) may be 
responsible for growth stimulation which is caused mainly by its effect on cell 
expansion and also on water balance of plants. It can replace K"^  in its contribution to 
solute potential in vacuoles and consequently in generation of turgor and cell 
expansion (Nunes et al., 1984). Therefore, the ensured supply and availability of 
above mentioned nutrients might have played a cum.ulative role in boosting the 
metabolic activities leading to enhanced growth and photosynthetic capacity which 
ultimately led to higher grain number (Table 4.Be, 4.17e, 4.26e and 4.35e) and 1000 
grain weight (Table 4.8f, 4.17f, 4.26f and 4.35f) and finally the grain yield (Table 
4.9a, 4.18a, 4.27a and 4.36a) carbohydrate (Table 4.9d, 4.18d, 4.27d and 4.36d) and 
protein content (Table 4.9e, 4.1 Be, 4.27e and 4.36e). 
It is also important to point out here that the characteristics of wastewater used 
for irrigation varied with and among the years of this study (Table 3.3). In general, it 
was alkaline with basic pH ranging from 7.7 to 8.2. The average EC, pH, TDS and 
the observed nutrients including some heavy metals were within the permissible limits 
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of FAO guidelines for in-igation water quality except for K^ (Ayers and Wescot, 
1994). The major effect of EC and TDS on crop productivity is the inability of the 
plants to compete with ions present in the soil for water while the chloride contents of 
114.23 mg r ' were also comparatively low and may not cause toxicity problems. 
When nutrients are added through effluents and they are either equal or less than the 
demand of the crop, the build up in the soil is normally minimal. There are reports 
where it has been shown that the continuous use of effluents may result in the 
accumulation of nitrate in the soil (Vazquez-Montiel et al., 1996) and is subject to 
move to down layers (Cameron et al, 1997) which may ultimately result in the 
contamination of ground water. Similarly, NPK fertilizers added at the rate higher 
than the rate of crop removal accumulate in the soil therefore, a balance between the 
wastewater and fertilizer dose has to be identified which was obtained systematically 
in our study. Similarly, in various studies, dilution has been described as an effective 
means to minimize the toxicity (Chapter II) but under our experimental conditions the 
city wastewater was sufficiently diluted due to the mixing of the household 
wastewater to an extent that when analyzed for various physicochemical 
characteristics was found suitable for irrigation and therefore, no further dilution was 
required. Thus, among the three water treatments, 100%WW proved more effective 
(Experiment 1-IV) and even 50%WW was better than ground water, probably because 
of comparatively higher nutrient contents than the GW. Hence, nutrient management 
during the four experiments through the wastewater and fertilizers yielded better 
results in terms of productivity as well as the quality of wheat crop. 
Besides the nutrient content of the wastewater, the presence of some heavy 
metals is a serious problem indicating the possibility of their accumulation in plants 
(Table 3.4). Although these concentrations remained well within the permissible 
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limits (Pendias and Pendias, 1992) but regular monitoring must be maintained for safe 
use of wastewater in crop cultivation as the continuous application may lead to their 
buildup (Aziz et al.. 1994, 1999). In addition to this, the microbial examination of 
wastewater revealed the presence of some pathogenic and non pathogenic bacteria 
which can be a cause of concern, although in our case since the crop is not eaten raw 
therefore, the chances of harm are comparatively low. 
5,6 Plant Growth Response (Experiment I-IV) 
Shoot length and tiller number are a measure of meristematic activity, increase 
in the number of leaves at different stages indicates the degree of differentiation and 
photosynthetic rate, and fresh and dry mass account for the total productivity of the 
plant. It is therefore, logical to conclude that the yield of a crop is the manifestation 
of cumulative effect through their influence on yield attributing characteristics. 
Bunting and Drennan (1966) have also emphasized that "the vegetative stage may 
have an important and direct effect on grain yield". The review by Yoshida (1972) 
and more recently by Oscarson (2000) also highlights this assertion. Among the 
parameters studied, shoot fresh and dry mass increased progressively up to the milky 
grain stage which is a common phenomenon in various cereals and other crop plants. 
The increase was comparatively more from tillering to heading stage which may be 
because of sigmoid pattern where growth is comparatively faster during the log phase. 
While leaf production (Table 4.1a, 4.10a, 4.19a and 4.28a), chlorophyll content (Table 
4.6a, 4.15a, 4.24a and 4,33a), CA activity (Table 4.3b, 4.12b, 4.21b and 4.30b), NR 
activity (Table 4.4a, 4.13a, 4.22a and 4.31a) and photosynthetic characters (Table 
4.6b, 4.7, 4.15b, 4.16, 4.24b, 4.25, 4.33b and 4.34) were increased from tillering to 
heading stage only and thereafter declined towards the milky grain. This decrease 
may be ascribed to the fact that old, senescent leaves eventually become yellow 
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because of the chlorophyll breakdown and loss of functional chloroplast leading to 
decrease in density of photosynthetic pigments and enzymes per unit leaf area with 
the age of the plant (Bhagsari and Brown, 1986). In addition the transport of some 
nutrients from old to the young leaves to maintain their nutrient level may lead to 
their senescence and hence the effective leaf area decreased (Table 4.3a, 4.12a, 4.21a 
and 4,30a) and thereby declining photosynthetic rate (Table 4.6b, 4.15b, 4.24b and 
4.33b) towards the milky grain stage. Besides leaf, tiller formation was also ceased 
after heading stage (Table 4.1b, 4.10b, 4.19b and 4.28b) and this tends to synchronize 
the development of ears (Stem and Kirby, 1979). Moreover, of all the tillers per 
plant, few died without producing an ear, possibly due to competition for resources. 
Contrary to the above mentioned parameters, NPK (Table 4.4b, 4.5, 4.13b, 
4.14, 4.22b, 4.23, 4.31b and 4.32) contents in leaves decreased with growth and the 
possible reasons may be dilution with growth effect due to which even higher 
quantities of the nutrients appeared to be less when expressed on per unit basis 
(Moorby and Besford, 1983). Besides, the translocation of nutrients towards the 
grains during their formation could have also depleted the nutrient contents of leaves 
at later stages. It may be pointed out that among the three nutrients, K was 
accumulated more followed by N and P. In this context, it may be added that in higher 
plants, K is the most abundant cation (Huber, 1985) and is also absorbed at the higher 
rate by plants (Mengel and Kirkby, 1982). In case of phosphorus, in natural 
ecosystems it is usually the life limiting element due to low availability. In addition, 
soils have low total and low plant available phosphate supplies because mineral 
phosphate forms are not readily soluble and unfortunately, most soluble phosphates 
become fixed before plants can absorb them. Tisdale et al., 1995 and Roy et al., 2006 
have also reported comparatively less concentration of? than N and K in plants. 
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5.7 Conclusions 
The following conclusions were drawn from the present study: 
1) Nitrogen @ 120 kg ha" without wastewater performed well and was at luxury 
consumption when applied with 100%WW while the combination of Nso and 
100%WW proved optimum being at par with GWxNi2o and effectively increased 
the growth, physiological parameters, grain yield, carbohydrate and protein 
contents proving the utility of wastewater. 
2) Phosphorus @ 60 kg ha"' without wastewater performed best, whereas P40 along 
with 100%WW proved optimum being at par with GWxPeo and was therefore, 
most suitable combination for growth, yield and grain quality. 
3) Potassium @ 45 kg ha"' without wastewater proved better while 15 kg K ha"' was 
deficient. However, 30 kg K ha"' together with wastewater proved to be the most 
effective combination for the parameters studied in Experiment III. 
4) Finally the two combinations, N80P40K30 and NgoP4oK45 together with wastewater 
were equally effective in enhancing the growth, yield and quality. Therefore, 
between the two, former combination may be recom.mended as optim.umi dose for 
' wheat var. PBW 343, under local agro-climatic conditions. 
5) The economy of NPK fertilizer was therefore, clearly demonstrated due to the use 
of wastewater where saving of 40 kg N, 20 kg P and 15 kg K ha"' was recorded 
proving one of our main objectives proposed in Chapter I. 
6) Therefore, the wastewater proved an effective source of nutrients and even if it 
could not supplement the whole nutrient requirement of the crop, at least it 
reduced the quantity of NPK fertilizer doses and thus acted not only as a source of 
irrigation water but of nutrients also. 
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7) Although in several studies, carried out in the past, dilution has also been shown 
as the effective measure to minimize the negative effects of the wastewater due to 
toxicity of some salts and heavy metals but under our experimental conditions as 
city wastewater was already diluted sufficiently to an extent that it proved 
beneficial for the crop and was even better compared to ground water. 
8) The wastewater was also analyzed for various physicochemical characteristics that 
were within the permissible limits of irrigation water quality (Ayers and Wescot, 
1994). 
9) Irrigation vv^ ater should have conductivity less than 2250|i mhos cm"'. In our study 
it was up to 1400 [i mhos cm"', therefore it may be classified as medium to high 
saline water, and thus permissible for irrigation with permeable soils and moderate 
leaching. (Wilcox, 1955; Mahida, 1981). 
10) Four heavy metals Cd, Ni, Cr and Pb were also analyzed because they are the 
main constituents of local lock and electroplating industrial effluents and except 
Ni, rest of the three were within the permissible limits. (Gupta et al., 2000). 
11) The presence of some pathogenic bacteria in wastewater, like coliforms, 
salmonella and shigella may be a serious concern. On the basis of microbiological 
quality assessment and considering the present guideline of WHO, the wastewater 
requires treatment to meet the quality guidelines for the crops to be eaten 
uncooked, however, it may be recommended for irrigating cereals and fodder 
crops. Monitoring of such wastewater should be mandatory and the farmers have 
to be informed to take due care while irrigating the fields and selecting the crop to 
be grown. 
12) The texture of the soil was sandy loam and it also contained some essential 
nutrients, like N, P, K, Mg, Ca, CI. The pH was alkaline which is considered 
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suitable for the availability of essential macro nutrients. It was also tested for the 
heavy metals mentioned above which were also within the permissible limits 
(Smith, 1996). 
5.8 Proposal for Future Studies 
The observations recorded meticulously in the pot experiments and spread 
over three years have in no doubt established the suitability and utility of city 
wastewater for growing wheat. However, an attempt may be made in future to record 
the following observations which could not be undertaken in this study. 
1) Experiments also need to be carried out under field conditions near the wastewater 
drain. 
2) Further investigation of wastewater for the presence of protozoan cysts and 
viruses may be undertaken. 
3) Estimation of more heavy metals and their concentration in plant parts especially 
in grains and straw, which are the edible parts, should be included. 
4) Some quality traits like gluten and studies on milling and baking quality of grains 
may also be taken up for estimation. 
5) Similarly, lysine content, an essential amino acid, may be analyzed in grains. 
CHAPTER VI. SUMMARY 
The present thesis entitled "Studies on the effect of city wastewater on physio 
morphological response of wheaf comprises of following six chapters: 
In Chapter I, the importance and justification of the present work were 
emphasized. 
Chapter II is the literature review. An attempt has been made to cover the 
significant literature related to wastewater originating from different sources and their 
effects on various crops including wheat. Besides, some review to highlight the effect 
of NPK fertilizers when applied without wastewater on the test crop was also 
included. 
Chapter III describes the details of the materials used and methodology 
adopted during four experiments conducted during the winter season of 2006-2009. 
Relevant information on the experimental design, cultural practices employed and 
local meteorological data have also been incorporated. The modes of data analysis, 
correlations and regression have also been given. 
Chapter IV includes the results on the crop response to various treatments and 
each experiment was based on factorial randomized block design. The results were 
statistically analyzed and the significance at P<0.05 was determined. 
Experiment I-IV 
Experiment I (Wastewater and Nitrogenous Fertilizer) was conducted in 2006-
2007 to assess the effect of three water treatments (GW, 50%WW and 100%WW) 
together with four nitrogen levels (No, N40, Nso and Ni2o)- The aim of the study was 
to obtain the optimum dose of nitrogen with wastewater determined on the basis of 
growth and physiological parameters studied at tillering, heading and milky grain 
stages while yield characteristics and grain quality were observed at harvest. Growth 
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characteristics included leaf number, tiller number, leaf area, plant fresh and dry mass. 
The physiological characteristics were carbonic anhydrase and nitrate reductase 
activity. NPK content in the leaves, chlorophyll content, net photosynthetic rate, 
stomatal conductance and water use efficiency. Finally at harvest yield characteristics 
examined were ear number plant' , ear weight plant' , length ear' , spikelet number 
ear'', grain number ear"', 1000 grain weight, grain yield plant' , straw and biological 
yield plant''. Grains were analyzed for carbohydrate and protein contents. 
Under wastewater irrigation (100%WW) increase in growth and physiological 
parameters as well as yield characteristics was observed over GW. Among the 
fertilizer doses, N120 proved best when applied with GW, however, with 100%WW it 
was at luxury consumption. Whereas the combination of lower fertilizer dose of 
nitrogen together with wastewater (100%WWxN8o) proved optimum for most of the 
parameters studied including the yield and grain quality, thereby showing some 
economy of nitrogenous fertilizer. 
Experiment II (Wastewater and Phosphatic Fertilizer) was conducted 
simultaneously with Experiment I to study the effect of wastewater treatments (as 
above) in presence of four levels of phosphatic fertilizer i.e. Po, P20, P40 and Peo on the 
performance of the same crop. In this experiment also 100%WW proved better than 
GW and 50% WW for most of the parameters studied. Among the phosphorus doses, 
P60 was the best and was at luxury consumption when applied with 100%WW. While 
the combination, 100%WWxP4o was the optimum as it resulted in improved growth 
and physiological parameters which finally led to increase in grain yield, protein and 
carbohydrate contents. 
Experiment III (Wastewater and Potassic Fertilizer) was conducted in 2007-
2008 on the same crop under the same water treatments but in the presence of four 
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levels of potassium i.e. KQ, K15, K30 and K45. Here also 100%WW proved efficacious 
in improving the growth and yield of the crop. The potassium dose K45 performed 
well without wastewater, however, it proved luxurious when applied with 100%WW. 
On the other hand, the combination of 100%WW and K30 was the optimum resulting 
in better growth, yield and grain quality of the crop. 
Experiment IV (Wastewater and NPK Fertilizers) was conducted in the year 
2008-2009 to evaluate the performance of the same crop under two water treatments 
(GW and 100% WW) along with different combinations of optimum doses of NPK 
fertilizers obtained from the Experiment I-III. Wastewater again proved effective in 
enhancing the plant growth and physiological characteristics which ultimately led to 
improved yield and grain quality. Among the fertilizer combinations, N120P60K30 
without wastewater proved more effective in increasing nearly all the parameters 
studied and also proved good for the quality of grains in terms of carbohydrate and 
protein content. However, when interactions with wastewater were analyzed, the 
combination 100%WWXN80P40K30 proved to be the optimum and significantly 
increased the yield and grain quality. 
Chapter V, results have been discussed in the light of the observations 
recorded and supported with earlier findings on the subject. Possible explanations of 
the data obtained have also been included to reach over final conclusions. 
Chapter VI, summary gives the glimpse of the entire study. It is followed by 
an up-to-date references cited in the text. Glossary and an appendix are also 
appended in the thesis. 
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APPENDIX 
l-Amino-2-naphthol-4-sulphonic acid: 0.5g l-amino-2-naphthol-4-sulphonic acid 
dissolved in 195ml 15% sodium bisulphite solution to which 5ml 20% sodium 
sulphite solution was added. 
Alkali iodide azide reagent: 50g sodium hydroxide and 15g potassium iodide diluted 
to 100ml with double distilled water (DDW). 1 g sodium azide dissolved in 4ml of 
DDW and added to the above solution. 
Ammonium acetate solution (IN): Dilute 57ml glacial acetic acid to 800ml DDW 
and neutralized to pH 7.0 with concentrated ammonium hydroxide and final volume 
made up to 1000ml. 
v Ammonium chloride-ammonium hydroxide buffer: (a) 16.9g ammonium chloride 
dissolved in 143ml concentrated ammonium hydroxide (b) 1.179g of dissolved EDTA 
and 0.780g magnesium sulphate dissolved in 50ml DDW. Both (a) and (b) solutions 
mixed and dilute to 250ml with DDW. 
Ammonium molybdate reagent (2.5%): (a) 25.Og ammonium molybdate dissolved 
in 175ml DDW (b) Add 280ml concentrated H2SO4 to 400ml DDW and cool. Mix the 
two solutions (a) and (b) and final volume made up to 1 litre with DDW. 
Ammonium purpurate: 150mg ammonium purpurate dissolved in lOOg ethylene 
glycol. 
Bromothymol blue (0.02%): 0.002 g of bromothymol blue was dissolved in 
sufficient DDW and final volume was made up to 100 cm^, by using DDW. 
Conditioning reagent: 50ml of glycerol mixed in a solution containing 30ml 
concentrated HCl + 300ml DDW + 100ml 95% ethyl alcohol and 75g sodium 
chloride. 
Cystein hydrochloride solution (0.2M): 48 g of cystein-HCl was dissolved in 
sufficient DDW and final volume was made up to 1000 cm^, by using DDW. 
Dickman and Bray's reagent: 15g ammonium molybdate dissolved in 300ml warm 
DDW (about 60°C) cooled and filtered, if necessary. To this, 400ml ION HCl was 
added and final volume was made up to 1000ml with DDW. 
Diphenyl amine indicator: 0.5g diphenyl amine dissolved in a mixture of 20ml 
DDW and 100ml concentrated H2SO4. 
EDTA (0.0IM): 3.723g disodium salt of ethylene diamine tetra acetic acid dissolved 
in DDW and diluted to 1000ml. 
Eriochrome black T indicator: 0.4g Eriochrome black T grind with lOOg powdered 
sodium chloride. 
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Ferrous ammonium sulphate (0.5N): 196g fetTOUs ammonium sulphate dissolved in 
DDW. to this 20ml concentrated H2SO4 was added and the final volume made up to 
1000ml. 
Ferrous ammonium sulphate solution (0.!N): 39.2g ferrous ammonium sulphate 
dissolved in DDW. 20ml of concentrated sulphuric acid was added and volume made 
up to 1000ml. 
Folin phenol reagent: lOOg sodium tungstate and 25g sodium molybdate dissolved 
in 700ml DDW to which 50ml 85% phosphoric acid and lOOml concentrated 
hydrochloric acid were added. The solution was refluxed on a heating mantle for 10 
hrs. At the end, 150g lithium, sulphate, 50ml DDW and 3-4 drops liquid brom.ine were 
added- The reflux condenser was removed and the solution was boiled for 15 minutes 
to remove excess bromine, cooled and diluted up to 1000ml. The strength of this 
acidic solution was adjusted to IN by titrating it with IN sodium hydroxide solution 
using phenolphthalein indicator. 
Hydrochloric acid (O.OIN): 0.86ml pure hydrochloric acid mixed with DDW and 
final volume made up to 1000ml. 
Hydrochloric acid (0.2N): 17.24ml HCl mixed with DDW and final volume made up 
to 1000ml. 
Isopropanol solution (5%): 5ml isopropanol mixed with 95ml DDW. 
Liquid ammonia (1:1): Ammonia having 0.88 specific gravity diluted with equal 
volume of DDW. 
Manganous sulphate solution: 108g manganous sulphate dissolved in boiled DDW 
and volume made up to 200ml. 
Methyl orange indicator (0.05%): 0.5g methyl orange dissolved in 100ml DDW. 
Methyl Red Indicator: A pinch of methyl red v/as dissolved in sufficient ethanol and 
final volume was made 100cm using ethanol. 
Molybdic acid reagent (2.5%): 6.25g ammonium molybdate dissolved in 75ml ION 
sulphuric acid. To this solution, 175ml DDW was added and maintained the total 
volume 250ml. 
A^-1-naphthylethylene diamine dihydrochloride (NED-HCl) solution (0.02%.): 
20mg naphthylethylene diamine dihydrochloride dissolved in sufficient DDW and 
final volume maintained up to 100ml with DDW. 
Nessler's reagent: 3.5g potassium iodide dissolved in 100ml DDW to which 4% 
mercuric chloride solution was added with stirring until a slight red precipitate 
remained. Thereafter, 120g sodium hydroxide with 250ml DDW was added. The 
volume was made up to I litre with DDW. The mixture was filtered twice and kept in 
an amber coloured bottle. 
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Olsen's reagent: 42.Og sodium bicarbonate dissolved in 1000ml and DDW. The pH 
was adjusted to 8.5 with the addition of small quantity of sodium hydroxide. 
Phenol disulphonic acid: This was prepared by taking 25g pure phenol (CeHsOH, 
crystal white) in a conical flask (500m!) to which 150mi concentrated H2SO4 and 
75ml fuming sulphuric acid were added and kept on boiling water bath for 2 hours. 
After cooling, it was stored in an amber coloured bottle. 
Phenolphthalein indicator: 0.5g phenolphthalein dissolved in 50ml of 95% ethanol 
and add 50ml DDW. Add 0.05N CO2 free NaOH solution drop wi.se until the solution 
turns faintly pink. 
Phosphate buffer (O.iM) for pH 7.5: (a) 13.6g potassium dihydrogen 
orthophosphate dissolved in sufficient DDW and final volume made up to 1000ml 
with DDW (b) 17.42g dipotassium hydrogen orthophosphate dissolved in sufficient 
DDW and final volume maintained up to 1000ml with DDW. 160ml of solution (a) 
and 840ml of solution (b) were mixed for getting phosphate buffer. 
Phosphate buffer (0.2M) for pH 6.8: This was prepared by dissolving 27.80g 
sodium hydrogen orthophosphate in sufficient DDW and 53.65g disodium hydrogen 
orthophosphate separately and final volume of each was maintained up to 1000ml 
with DDW. To get pH 6.8, 5ml of monobasic sodium phosphate solution was mixed 
with 49ml of dibasic sodium phosphate solution, and diluted to 200ml with DDW. 
Potassium chromate indicator (5%): 5g potassium chromate dissolved in DDW and 
final volume made up to 100ml. 
Potassium dichromate solution (0.25N): 12.259g potassium dichromate dissolved in 
DDW and final volume made up to 1000ml. 
Potassium dichromate solution (IN): 49.04g potassium dichromate dissolved in 
1000ml DDW. 
Potassium nitrate solution (0.2M): 2.02g potassium nitrate dissolved in sufficient 
DDW and final volume maintained up to 100ml with DDW. 
Reagent A: 0.5% copper sulphate solution and 1% sodium tartarate solution mixed in 
equal volumes. 
Reagent B: 50ml 2% sodium carbonate solution mixed with 1ml reagent 'A'. 
Silver nitrate solution (0.02N): 3.4g silver nitrate dissolved in DDW and diluted to 
1000ml. 
Sodium hydroxide solution (O.IN): 4g sodium hydroxide dissolved in 1000ml 
DDW. 
Sodium hydroxide solution (IN): 4g NaOH dissolved in DDW and final volume 
made up to 100ml. 
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Sodium hydroxide solution (2.5N): lOOg sodium hydroxide dissolved in 1000ml 
DDW. 
Sodium hydroxide solution (6N): 24g NaOH dissolved in sufficient DDW and final 
volume made up to 100ml, 
Sodium Silicate 10%: lOg sodium silicate dissolved in 100 cm^ DDW. 
Sodium thiosulphate solution (0.025N): 6.2g sodium thiosulphate dissolved in 
1000ml DDW. 
Stannous chloride solution: !0g crystalline stannous chloride dissolved in 25m! 
concentrated HCl by warming, and then stored in an amber coloured bottle, giving 
40% stannous chloride stock solution. Just before use, 0.5ml was diluted to 66ml with 
DDW. 
Starch indicator: Ig starch dissolved in lOOml warm (80-90°C) DDW and a few 
drops of formaldehyde solution were added. 
Sulphanilamide solution (1%): Ig sulphanilamide dissolved in 3N 100ml 
hydrochloric acid. 
Sulphanilic acid solution: 600mg sulfanilic acid dissolved in 70ml warm DDW. 
After addition of 20ml concentrated HCl, the volume was made up to 100ml. 
Sulphuric acid (O.OIN): 0.272ml sulphuric acid diluted in DDW and final volume 
made up to 1000ml. 
Sulphuric acid (0.02N): 0.544ml sulphuric acid added to DDW and the final volume 
made up to 1000ml. 
Sulphuric acid (7N): 190.4ml concentrated sulphuric acid added to DDW and the 
tlnal volume made up to 1000ml 
Sulphuric acid solution: 500ml concentrated H2SO4 added to 125ml DDW and 
cooled. 
Sulpuric acid (1.5N): 20.4ml concentrated sulphuric acid diluted with disfilled water 
and the final volume made up to 500ml. 
